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- Agenda -

St. Louis Park Working Group 
9:00 am 

November 19, 1981 
St. Louis Park City Offices 

I. Review of Agenda 

II. Review of Minutes of October 14, 1981 Meeting 

III. Sampling of St. Louis Park Municipal Wells 
- Tollefsrud, Convery 

IV. Status of Remedial Plan Study 
- Erdmann, Convery 

V. Status of EPA Grant Projects 
a. Well Survey, W23, W105 
b. Water Treatment 

- Convery, Ferguson 

VI. Status of Block I Development 
- Ferguson, Convery, Thibault 

VII. Status of SLP #17 
- Tollefsrud 

VIII. Setting Date for Next Meeting 

IX. Adjournment 
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APPENDIX A 

INORGANICS 
Sulfur 
Antnonium thiocyanate 

HYDROCARBONS 
Alkanes (c 18-28) 
Cymene 
Dimethylbenzene 
Tr imethy1benzene 
TetramethyIbenzene 
iTidan 
%iiroxy!ndan 
indene 
Hydroxyindene 
ttethyl indene 
Dimethylindene 
Diphenyl 
ttethyldiphenyl 
DiTnethyldi phenyl 
Tripheny1ene 
Dlphenylenemethane 

PHENOLS 

MAJOR COMPONENTS OF CREOSOTE (5) 

• PAH HETEROCYCLES 

5 .Wienol 
H Sthylphenol 
• Ithy1methy1pheno1 

Trlwethylphenol 
"Tet ramethy 1 phenol 
Phenylphenol 

.AMINES AND ACIDS 
Denzolic acid 
Ani1ine 
Xylidinc 
Naphthylamine 

Naphthaiene 
Nethylnapthalene 
Dimethyl naphtha!ene 
Trimethylnaphthalene 
Tetrahyd ronaphtha Iene 
Ethylnphthalene 
Naphthol 
Phenylnaphthene 
Naphthofurane 
Benzidah 
Fluorene 
Methylfluorene 
Hydroxyf1uorene 
Acenaphthene 
Anthracene 
Hethy1anthracene 
Dlroethy1anthracene 
Hydroxyanthracene 
Phenanthrene • 
HethyIphenanthrene 
Hydroxyphenah th rene 
Phenanthridone 
Retene 
Fluoranthene : 
Tetrahydrofluqranthene 
Naphthacene 
Benzoaphthacene 
Benzofluorene 
Chrysene 
Pyrene 
Naphthoanthracene 

' let ramethyIpridine 
Benzofuran 
Methy1benzofuran 
Hydroxybenzofuran 
Dibenzofuran 
HethyIdibenzofuran 
Hydroxydibenzofuran 
Benzothiophene 
Hethy1benzoth i ophene 
Dibenzothiophene 
Indole 
Methyl indole 
Quinoline 
isoquinoline 
Hethylquinoline 
Methylisoquinoline 
DimethylquinoIine 
Dimethlyisoquinoline 
Tetramethy1quinoline 
Carbazole ; 
HethyIcarbazole 
Acridine 
Hydroacridine 
Napthofurane 
Phenanthridine 
Benzoxanthene 
Napthobenzofuran 
Napthobenzoth i ophene 



APPENDIX B 

•. COMPOUNDS IDENTIFIED IN ST. LOUIS PARK 
GROUNDWATER (4,5) 

•HYDROCARBO.NS 
• • • , ^ 

=Pentane 
£y£lohexane 
fienzene 
£thy1 Benzene 
Methyl ethyl benzene 

• Trimethyl benzene 
Iriethyl benzene 
.^(lentaine.thy I benzene 
Mexamethy] benzene 
<ln^ne 

• l^Hiydroindene 
J^I-hyd ro i ndeneone 
iMethyl indene 
."Methyl dihydro indene 
Slmethyl dihydroindene 

. .HENOLS AND ALCOHOLS 
Phenol 
•Methyl phenol 
£thyl phenol 
iDimethyl phenol 
J^iethyl phenol 
Trimethyl phenol 
£thyI methyl phenol 

, .'Methyl propyl phenol 
iPhenyl propanal 
S'iphenyl 
SIphenylol 
Xylene 
Toliiene 
Butoxyethyoxy ethanol 

• Chlorinated hydrocarbons 
"Methylene chloride 
TrlchIoroethyIene 
Tetrachloro ethylene 

. FAH -
•Naphthalene 
Methyl naphthalene 
Ethyl naphthalene 
Dimethyl naphthalene 
NaphthaleneI 
Methyl naphthaleneI 
Phenyl naphthalene 
^®t''ahydro methane naphthalenone 

, Fluorene 
Methyl fluorene 
Acenaphthene 
Acenaphthalene 
Anthracene 
Benzanthracene 

.Dibenzoanthracene 
Phenanthrene 
Oihydrophenanthrene 
Oihydrophenanthrane 
Methyl phenanthrene 
Flouranthene 

. Benzofluoranthene 
. Pyrene 

Tetrahydropyrene 
Methyl pyrene 
Indene pyrene 
Benzopyrene 
Phenylene pyrene 
Chrysene 
Perylene 
Benzoperylene 

HETEROCYCLES 
Indole . 
Benzothiphene 
Methyl benzothiophene 
Dihydro benzothiophene 
Dlbenzothiophene 
Benzofuran 
Methyl benzofuran 
Qufnoline 
Carbazole 
Acrldine 

/WINES. ACIDS 
Aniline 
Methyl aniline 
Benzonitri le 
Dimethyl benzaldehyde 
Methyl Benzoic Acid 
Benzene acetic acid 
Amino naphthalene . 
Naphthalene carboxylic acid 
Arolnobiphhenyl 

*.-r. ••• ' mi. V 
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TABLE I. 
I -

PHYSICAL PROPERTIES OF PAHs 

Coini>ound 

l-nechylnaphthalene 

9ll'-fltioreiie 

dibenzofuran 

anthracene 

plienahtlirene 

l-methylplienanthrene 

fluorantliene 

pyrene 

chrysene 

benzCaJanthracene 

benzoLaJpyvune 

benz[e]acephenanthylene 

benzolkJfluoranthene 

pcrylune 

benzol gliJ Jpcrylene 

indcnoll^2,3-ct] jpyrene 

yornuila 

"n-'io 

w 
=u"io 

'14% 

'l5"l2 

'l6% 

'X6«I0 

'l8"l2 

'l8«12 

'20"l2 

%"l2 

'20"l2 

%"l2 

'22"l2 

'22"l2 

, Molecular 
We lull t MP°C 

• [I- ; • . 

V. '- 142.2 "J -22 ' 
• • • • -• '"i 

.. 166.22 1'h' 112-115 

168.2 

192.26 

202.26 

202.26 

228.29 

228.29 

252.32 

252.32 

252.32 

252.32 

276.316 

276.316 

81-83 

178.23 ;;:.f 212-214 

178.23 ? 99-101 

••/I 

, i, 

'•3 

107-110 

149-151 

250-253 

161 

178-179 

167 

217 

277-279 

172-273 

163-164 

240-243 

298 

285 

340 

336 

384 

404 

448 

495 

503 

i 

'J /i- ' 

Water 0 25 C 
Solubility, mg/1 

28.5± 0.3/9 

1.98 ±0.04/^ 
1.685 ±0.005/^0 

0.073 + 0.005/' 

1.29 10.07/' 
1.00210.011/^® 

10 0.269 10.003/ 

0.26 10.002/5 
0.20610.002/1® 

0.135 10.005/9 
0.13210.001/^® 

0.002 10.00017/9 
0.0018 1 0.0001/10 

0.014 10.0002/9 
0.0094 10.0001/^® 

0.003810.00031/'" 

0.0004 10.00002/9 

0.00026 1 0.00001/9 
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TABLE IV 

COMPOUNDS AND THEIR PROPERTIES 

COMPOUND NANC 
MOLECULAR WT. MELTING POINT/ 
(g.Aola) . BOILING POINT 

INOENE lit.IS; 

Il7.t 

i IIS.I 

ISA.I 

IIS.IS 

167.1 

168.1 

186.17 

ACRIDINE 179.21 

J2EL 

H.8/I8I 

52/153 

•18/176 

32/221 

•15/238 

265/355 

86/287 

100/332 

111/366 ' 

WATER SOLUBILITY 
(Hol«*/l) 

l.x 10 '3* 

3 M 10 '5*. 

9.7 » I0**(86J 

6.2 N I0'*(86) 

2.9 N lO**. 

I M 10 ,-6» 

• Eatlnatad Bathadi Naterlbad in rnrnmnca 101 . 

. OCTANOL-WATER 
PARTITION COEF- IONIZATION . 2 MX mi (log •) 
riCIENT (loaMm) " • 

3.22 £0.12* 269 (3.97). 279 (2.72) 
2.90 (2.26) 

1.58 X IO''l33) 2.13 (166) ' pko - 16.97 218 (6.66). 271 (3.79). 
287 (3.66) Pkb - -3.5 

1.67 (163) 265 (6.0). 278 (3.3). 
285 (3.3) 

3.2 (163) 303 (6.06). 290 (3.97). 
219 (6.86) 

6.7 X 10*^86) 2.05 (166). pka - 6.96(155) 275 (3.5I).299 (3.66). 
pkb - 9.22(166) 3.12 (3.52) 

3.61 (129) 

1.8 X I0*'(I20) 6.12 (163) 217 (6.5). 250 (6.3), 
6.2). 285 (6.2) 280 (6.2 

6.38 (162) 236 (6,9). 256 (6.3), 
262. (6.1). 286 (6.2) 

3.30 (93) arm 

ot V'.., • - • -/v : 

; I 
KJ 
VMV 
• V# 



Table 8. Percentages of PAH's in whole creosote and in 
samples of creosote from soil in a wood treating 
plant. 

.Creosote component 
% 

whole 
creosote 

7. 
creosote 
in soil^ 

Naphthalene 17.0 ̂  0.6 

2-Methylnaphthalene 6.5 . 0.3 

1-Methylnaphthalene ,3.5 0.3 

Biphenyl / 1/9 0.2 

Acenaphthylene 0.5-^ 0.4 

Acenaphthene 7.8 1.1 

Dibenzofuran 5.2 1.8 

Fluorene 6.0 1.7 

Phenanthrene 19.4 . 7.6 

Anthracene .2.52 4.2 

Carbazole 5.1 J 2.1 

Fluoranthene 11.8 30.1 

Pyrene 8.4 32.8 

1,2-Benzanthracene/Chrysene 4.2^ 16.9 

!\ 

1 ;• 
i "! 

^Average of 32 soil samples from a wood treating plant. -



'C.IS 

Ciaif\(\'pk4UeA^^ 
OO tVAp lvWi^l^M€ 
^|jo/^(Ae 

hetMrC^ (^sAJt^/cKcene.^ 

hei4^^^) (Xi\^t"aci2(/te 
MO(N(K\AM\e\A<z'^ 
2 - cUo(a^tHi/(fM e 

ief* : 
CL« W\4:- ^Iv- (:\(AiWA/y€i/\e ^ 
bewi-- b' ̂ L)cvAi^€»Ae 
be*\t-. J- ^0(?\/^vUveiAe 

"^iiA^oiAe 

iWeno- ^ 
Cie. 

ak 

V--•• 

r 
At* 



- ic^s Ao'cb 

Gp(l^^^Dle 
AC/4C(IV\€ ^ 

iA^€ne 

oUb^^- -Ca/kA^ole. 
c- ^ 

^iliV\e 
1 - lOA'plv+tii^l AM/f /i/i^ 

loipkeiAoJ 

\^U'K(gS ^ 

Virvl^iae 
^PuAjl * 

'Wi-e-Uvv^ b^wtei^e 
m44^ty €+(aiJ bei^-2e^£S' 

• f\Aj>k)t\^l-etAe^ ^ 
4(v/oyliene 

' A ck.Wo ̂ +tvij(€ne^ 
ind&ie. 

* or(?sol 

l^^l^)iC^-^/[£^plrttUAJei^C 

lii/yJvOy i/| - bjpki?M.€/i/ 

S'-'4o'cW^o^ef46l 
3 4C'iV'<^6kl(7UO'plv^w6/s 

^Kfe.cUinopU^no/i * 

.'..I' -"•:; /•; 

• . •«•••' 
>.. . • . 



-.f '-

; .- .'i 

_ r-. • • 

• •• 



f 

——1——tO ' 

^ <x^^ru)6 i^jl ^...ui:^UyC^ ^ 

r ja^'''6-J>f j:Z^L<ss^ S y^/-> ,..^.<&^ i<4-c,«»4—y 

vfecf// /A^ - '^'-^ n-a-^ ^c)_> Ol-^dL/f A 

IIS •< //j—'ifo-''^ ia^'-'tyL^" <i-» "Jj? .<> 

s-/ ' 4/ r ^ " t-o- C^^-'P^je 

v/t 1^6 S'/t/S'i ^ /j.^-xyt/^~P /rjL-u^t '—»•/• <f», 

^ C^ // Ua^i^Ap, j/^ 7^// «c 

0?^£j-. /'jt.yAs^—A) C-<, ... ̂  h 

1 fa>.,.,'t>A J-, >6^. 

i 

P.^yS, / (P Ca-PtL, PL-y^arP^ 

^ 7^ ' ^ 
/"• ^O"" -Ij Cf ^"'>- '•"Pf' 

—I Aay^r^ji &—«* ^-<n^.w-. 

.y\jPPp-a Jlyrt.^^-,>P, 

Zcy^J? 

A C-fQ ' 

"? pPtya^iil^ ^ZfrxyA cyf ^ 

--ir-f— ycL^/ P/S.CP^ 

-7 *" o6a^t^ 
• — ..... y 

.-^Jt -A ay^ Ptf'X 

y^ Ay ^aPtrt^ taa^yP/ 

- • • ^ ^ 0 . . . -
~/CJU^ T^i/ 



i. 
• ^ . » 

* «. 

/y^ jie^y xfi^ Jtr* /Q-^^ H^IT* 

/>« 4jUi^^tJ-A,M. 

(^KjL^f^.f^.^ 3. 

(/ 

/C/6^ rV A c/ Jo 
^ /Jt6> /' \J L / <LA ' 

V' "T'-Jn c. iJ oi-t^ 4^ o/A > -'3~(3'-A?^ 

^ Jl^O'^Ce>' 

^6^-^iSs LT\ O u^/ ^ 
— f / A — • — 

'r^ .OuJ f /o J J^/) 

iP ̂  J d'6-**yjy^ 4' 

^ P y S An tr-^-J C^JA ^yC^tr'Jt J iy^ 6^. ^ 

T""^ , i^ 0\><AA 
/ 

-r^zr 
* ^ J^•A'f Rjk J -<i*«-«-^f 

. />/cA4;j:yA yf PJO C^i^ 

^ » A^ J^yf^*~ </ a>JC^ 1!^-, 

—^ --"^ A/cdjJt. 7 • jd-v-e. -4— -a_tf-»-y' 'J ^ 

6l> f P4,~y{^SA J /AtA^ P^J 

^ii3-c.fP_i -<nA^ >fc*e-^«^<t.tA. -.o —rfj . S.C.fi -4- . /i^ j 

(Ji4 f UlJ^- iS"-—L-^ ^ <V-«S^ y^J^•C.cf-..^ J 



t ' • • 
4 < 

c3 

C\AA,^^ ^fiZa s.-- «ay J 

tjuteAZcj I^^-U-^^-IL/ T- 1.— 

nt-fi^ik^ Zf j^^Z^AZ-4- AA^J^—s. 

g>.^U. c-Z^'-A 

Ak O-4^ a1 

T-^ ̂  r » ^ CA*-. V-w«--..^/ Z^9^ji^«--i!/ 

AAZZ) • 4- ^-y^~ —z.^^_ 

y ^ A M ^ '' 

*». -^""/—^ "g " J. . 

^ i5-J 1^4'^ ^f/ 

.-.J/ 
(Z^ V ^ 

/ 
/L /3«-^' 

^ ^.^CAA ^ 4X>9^ 

1 /^«-<^c>/t^ ^^-rpp^t-^yA ^ CiLA^c/A <H...4?^~^^ ^-^^-^.ya-O^- -ay 

r^f AI^ A^-r>y 

^ A /2/<^—ttA.a ^AX-AJA^ a~a ^ r^^xry 

f i^Cot-L^l-iA. ZZ-ZA'^k ^4YKxyyZ'~\ 

CD ^A^AAAUDL OACL^ C2.c>.j2fc^.< LA^-C^ pyi^ 

^ ->-—-1 -^yZA -^tZe Z&AA 

rA^-^AL^At^ ',.-^^j:yJraxyi ^/CaJd ak-

^ iZ^A^-trsxAAL^ "i.^ C-<£.i,«'^-»-». «4n /4^ «t.-^«2 ^ 

<5^ ^^ 

Z,L'A >^// «- <4 
(^ ^-^JLJ! X A^ASy i^ y<V<^ 

JT^ AAZZ ^ G-iC-«iA 
^ / u y A 
& -A^OAAJP jut^-AjJixv- &f ', dua .if jO&^^Ly 

^ / _r 
ASZZAZ y<^ffxJAe<yyAcxaZf Zxt a^ ̂ kCe Z<y^ 



f \ . "1 

(0 

rr /—r^-c^ ^ —i 

ffJ^ ^y2.^.^j4y ^ .<-/6//«P ,' OT-C ^ «:c>rfC=5?£^ 

/2A JM./'-A-tlJ-ia-V^ A?53^ — & 

4^ &7^<r 4 
— ^/y/f^^ a/4liApyLoy^ * 

'^^^-»V.<--«.A^ y.t-^auCt't^Otiy ^ C^^/sL^ •-'ZL>ti-«-T^-^^ 

/^ C^-X2.J4^ /<C<5H3^/^ 
, y<y. J ^ /-y > 

fi^yy^ •A7 i»,y*/ ;f-a^ ) 

^ ^ ^ 

f dt-fy^yo ^ /<Jl-<L/^. z' (Z-&^iy . 

^ £-eL^ C^ yA-C-A^ C->«,._«S4^ /^r-eivf-21^^/^ 

<c . f <yd 1^ ^yoAjsya&u^ 1 

y-- rc*---t^ <2o-^^ ?6 ' 9.J! C&JAJ^ 
(/^ ^ 

/^ 'yy J ̂  ^ 



- ><f «atrTJ?c»M..,^^2lc/ <Cj^:c.-ca,~^ ^ .=w-<^ ^ 

-SK^nsT-^ Cs. C.cTyiP-t^^ 

ag<^utT-^--> 

//>^ -=»' f&hJko ^^ 

/•i-«--C-*rv-»T-»._.-.«i<'^^ 

CL^ i^y^f 

T"^ 

"As ^ C/'^/AO 

«/^/eiL 

y//6./^^ 

sY/y/s-X 
:r/5^/sa 

7//A ̂  

) <fi<#<K:<^a. <C. ^ e^ // t->-&^^ /A^V 1^ <£2->,_^<i-«^ 

(L.) ^3A<K-^ 

O-d^lyOyiX tr-_^Oe>-tY 

^"J 
'^J "i- I ^ x2i^/o^?fV A4-»^^tc^<;ys>5C^ 

/®'J J0-C.«^ ^•io-^vA' pYc -'rPY ^ 



//•) .A—VI r-s p( <2-^=^1 ^7^^ 

l^-'J ^ C.a<^^'ty'-y^-2^y^''^ty<^ 

/y J 3 '<- "hy-atz.-^/^<iy^ ̂ -ia- , /2 i-C. C^'c^^C^J 

4^ ^ 

ay^ ̂ ,.».<^-^/S' ( dSg^Ae?!^ ^ 

"f- fby 1—<6^^«^ 

—' /£> ^ (a; 
A'Or^ i?—^ ̂  

fiyU/ 

,iS»-C-a->_« ^5~^ 3^ / y '^z''Cyty^ 

C^J 
(s/AAe^-^S- (~/j 

i#2-^fc—(y-a^ 



^ o- ^/ 
UJ ^ A- cAr ^ 

/ y o^ Y= 

Af/^Cy±^ 

^-tsu-^' J • '~^ C^ /^c^SX T^ 
^/) -=f ^/y ^ 

•yf^/ r/<f5 3 

•^y'^-tf/V.'- -Ar- '•J./iC» 

<9/i ((y6ci^ 

f / / / '^'^ . ^:t>-^5:-i>f 

^A/P^ 



• • • 
V 

QcA .OiA^ 

C> yy /-rti.^ 
v»5' 



^ S yL/?1 c--.^ , 

^ (^'-s S ( S ii'/}li't ^ 



» I 

7/ 

... ' ^ ^ 

/Lyp.''6<ljyS=^ ^ 

fl^ ^ y^^ '^ly^ ^''''^ 

«. 

ci<^ 6./^ 'Tftt'gy^^ J -Ory^ N 

/U^ 

Jli^^ 

I '/'^7\jL^a-4y-'^ 

\ 

— i-C-y} Cff'C'fi-^L,^^ 

zi/L// \ ! J J 
- ,.y}fy^c^ ^ 

dJ^ ^/h^ (PC 
y~ /r^-S if:C6^c<^ ; 



« ; 
4 ' 

X 

% 

f 
> <;f^ yp o<^ cxyf-^^ 

/:/-\ 

\^0J^ 
•S—K2_-e?7i~c^ —^ ^ 

-=^ 



r,- cJ^ •- ...... ̂1 .« •^ • • • . • t *•*' ^ '•• -•»'| > .-w ••.. • • •• • _ 

' ' ̂ ^,/p, 

eL>-ry-tW - ^ 

/e^. 
g«^ 

<fry^ •T' 

ME 
, <5'x-fi^r-^s ^ 

( cK o-^ ^ <p^ 

£<? i/2^^ ''<^^ xS5^>-s,—^ 

/U^Jr^OiL^ C^ 

0— 

<^C>0 

PAJ4/^J p^^—SrSu^ 
^A-T 

-^A \ l^^ VC >-N ^ : yj 
Pu^ C^ yP-^r^ /AcP^ 

-U 
A-

A~--f<2^ ^jPsyr^ 
A'^-y~~^ ^4lihy^->~^-^ AA~fj~ A ^— 

•4iyi~^yt/C^ C-<-"^-i»«:te"'^ jP^^-P 

J. 



y ' 

—L*^—C^ 

-^'—^ 

^>=-> y^ ^ ̂ yM- /4£ 

, ^)tip —if^y 

a^Jf^ r^ \ 

C\y yU^-n-._ ^-^--crt'j^ —c^/yyy^^ 

' i^ff^ jL ry. 

ro'~P[<^—/O^ i^/hycc.) 



. i . 
( 

neft/\M^ ^ UiA-ry^ 
(7 

^ y^O ^ - If- dy^t^ce/ 

''ff^ /tftL.7c*ji/di^dy\^ "4- j/t^y^df P ^JyGi C\^ . 

-^/(f ( S^3^ ^ C/-

/ 

C^A /« /,,JyOi:^VHyiL^ ~S UJL-^ «i3 

.^jt-tl(«/t<XL<L //, A 7^ -C N./C £<y<yn^ 

^ jfy 1 ^ y 2r?^. -V-
oy-z/e^J- L^ y^ (9,. 7d^ 7Ly<A^ ̂  B~^ 

TijL'. —V 

^Gy^o \\yAajL^ ^ 

*~ / Cyfr-nP >1^ O ZyiJy^^-^ dX^jz^ 

Z)*.yrA >f^>7 . /T-Avt^ t/l^jLyJy^ f. hAp^ U^} //, 6t3^P CziJm 

! I f'* f ^ ^7 v/z / ^ >. . 
.(LAJ/UZ^ ^ t^4- / ^AjS^(U»V^ y^ jyrJ--, tSf-TSry^ jt>Lu2t yf^yy^^ 

* 

, ^yCiy^)fny>.yff Atty^'^iyi^yai /fjf A.^Jf^ tSt "T 

— ^ CVv I^^O ^ <2o--<a^<t-e5>^^U!/ ^:J 

£/CA^^ <ZIL&Z^ Ay>7y^£-y^ J>^<2y^ cv6 
_^a >—y\ ia«; ^ V ^ ^—* ; 

/T*" Z>y,ijP y^/ tiJ—lf^^CuyZ ^^yty^XyOytydi. rrdyty 

Avt^ /? ly&CiC,^^ ^di^%n 

— f^'io p)/tfir.A- (Qn-AJL^ A/f^c^ ^cu/-*~of^ 

0{.yOtZzXyiji^ 

^ X 7\'/^dZA' /<>->»—i«d=I^ ^y^yOyCy-,*^ 

\oU^(< . ' ' . 
- c/,>^ L)J A^/A-rs^ ^ J7/ 

Ay^yiA^^ AA yy-y -yiAzyv^zjAtyPd*^ rjAr^ Cyy-K^zAjiyf 

'~ ^d-yfiA z4rkta>^^ )7D /QyfAlp ~? 
a 

J 1 

V JLyf>z<A-a:A^^' ̂ / 

* 

. .. 

• 



— <1.^ 

D/<^ ̂  /^y^. 
it. l-€i/t^ , 

<f 
<^C{i>£/(lpctju>D 

(Ti^COCf ^2^-g^ 

/j / Z^ 5^ 

<»=ve ^//Q. ^ 

f^Jl^ 
Tf<L 

— 4 /7/ L—Jl CSr^ ^ ^ ^^*^=--1^0 IV-

\/b , .^ -c-.^ - = 

l^Cjg Z^L-->-«ft3^ f>i^-j--w c:^~T.^A'7''-t-'^^ ^ 

^ CajS/ 

^ ̂ ^jCA^LdJ^ ^1,/O ^/ t\f C.-/) 

^/g-Zi^y //c'j-

AiC/^ uy-^ty*^^ b-tr*^ 4tOutiald.<UU. 

iT ^ /<3t^ /id 
?/)'t^ -^r d{Xg 

-J 

OjfT^ 

z?(fciT-.<<gz /A^>^.ry' -.-/^ j)-^yvaifw lif-cM^-y 

-I ^ "~"T yPZ A • , 
'y/b4 ^ i\su^^.,2j> fojCi) 

^ O^ V^ -S^ 



5 

A ̂  /t^r?,^a^Jl<2. ^ 

£C£JhJ^7^^ ^/OL 

- y^ Ar^ /4 ; '*>i'>\ y-

— 7tg^ 

- ^/oc -77^ 

JL 

{.^Vy^ 

' Uinr^I^ 

L €,6*"-^ g<^<t<4 ^ ygyyo/ ^A/ p^ 
. / « / ' X . 

'>'t>Q/~/li/ p ^lt>^ ^^^^^AtAy<b-<i^C.tAa^ 

i/'^ T2^yf\M /y*-"'Xt?l .^1 y\^7T r rt tA.r^ ^ /i"-^^^ 

3>» 

^krh^ 

p -- ^ f 
fO-h /S^ ' /<v /ft^y 

M>//^ 

— H /AW!/^ <L CLP oCfi<y^ N;- A ^dA'^ 



/ ^ 

/^oey^J^e. 7*4^ (Tl jSy'tyc-.^f-ii^ •4''^ 

' 1 %
 

V
 / 

— Zf2>^ ̂  /U^uU <hJL^^ 6LJ> 
:aj ^ ^ 

^//y r u \ A x y /j^ 1^ 

^ ^ A- -/''n>/^ ^ 
- A)r_^ 

^ f^fiU^ f cp/e/£/^) 

f n ^ ^ ^ ch^-'^V yC „ ,>/ 

PcuA-
^ r"* "' ' 

- -P^rxr-f ^i^/><j<_^ ^ P> IjL'^^ t?^o 
• 

^ ZUW 0^^-^ 

4- /Lv l^'^'^AyyJr'U 

AJU^^, CVfrs (^TJir. ) — <-* V:/^" •••€-->-*—^^^ySf / — 

^Opi^L L Ol/jf^ ^5i r 

. 

^^ 



< 
• r" 

/) /} A /O 

— jj 
» ^ 

%'. L.l ± c, 2L^ 

^./ ^ ~1L1^ ^ "A 

^ f^i-uc •P1\ H ̂  (3^v-5a<W/,.^<i»6s' /Vt?. ,<frt-i/fr,i • 'i'*^ 

^(l -te. /\S<:^A Uy&UA 

•% ry\ Jj m l£^. ^ " 

r, 



/^.7^ ^ 

a^^z: y^ y 
^ .,<1— , ^ / y ^ y y 

j'^y 

< cl^ ̂  0<^ 
-£^ 

/^''tS^<^ -TfS O £^ -y\9-^ yir^v^e.^-/Q''*Si<A -gyg -/n.9-^ yjr^iyA^ ^2rn_ 

(•^^Q. </ ,T 

v2^;: C-^&yr^ y-<-^ » 

;) tJ^ ^^pS2Ayiyiy^ ,,tfi^C>^jLrJ>X 

Cy^L^iCr^ cu-cz.-^^ . fV^ "-n "^J ^ —vrr-iy^ i^-\. 

,. >Aty&-. . ~Yh ^ ^r ^I£S^6:=!<^ ^ "- — -I-

A->-^ 

<2n <^a>w2^ ^ cuy(^JZ-

—CeA-'^-dt^— 

yi —X(r~?—. 

J-Ji ^»<!^y2A/gTL^0Ji 

X> .<? / S ^ }/^ I ••^^^•^->-> ^ 

,4^y^J2z2 
,2^ ^^^issJsXLsL^^ 

dfc /-•G'^ 

i^y-ii:^ yun. 

J2L L yerUr- U 

LQsdyiifyL yhZ . 

f Tfe-y ^<3 

—jj 

Ayj^ :^^:Xtp/ yth//y 
~V^ 

<y~\ 'y?n / 



(I> 

/ff 

'co^l 

G.^O-yU'rt-j.yJ^ 

/» 

/Q^O-^ 

;^^-Ax<S=^ '/C^.^-*y^ 

Acj^ 

/yoCy&),./^^h^ / 

/c IJI/F/ ^ 

(L4uuy<Ut "A-*.-^ ^A-»r»A-eS'ii^e>-A 

^-3^66. 4 '/A-^ 

4a2-»A ^.crtyef 

0^0.4^ 4 ^l^lZje ^ 

_N/ 

\ 

'-t/ •S(5.<£- tf^ 

y 
fy''^C^'rr\es7\fiFcL 



/ 

3G> 

^ ^/W 
•\^ O-*>• a/-(5^yV'&^ U^ Ckj-'-'^ J 

^7^-^CQ --r C^ 7^ 

I 

1/9' 

(inL-
ip^ 1 CgAo (j^W^r <^s^ 



i ^ 

—.^-yPS'^W fir? •4'-/'^ ^ 

CifJZ 

Sy^ /^•'&y%^ 

/> 

^ CiJ>^Zk3, py^^fZA^ ^^uy^'L-g}'^'^^ 6t^ ̂ o 

Co^' C^y^xz6 /^} 

^ 3.-^i4 6/(^ 

- 5" 'S'AtA—^ •=? 

0I^<J~ .cJ-^-fi-^ As/ /cZ (/^— 

/l^ /_ -



s-fC - /-
S-^'-mS' rv3'=> 

^SS-sr^U 

£2><^()-<^ ci ^L^.ZytZ-n. . e.^ <i3^hr.,^^^..'<2<f^ 

,6.^^^<0 -'>•^-13-^>-''»•>---'^ ^-'^^'U-e^a'U 

-t (^ /Si O y 

^ OuS4? <CB^ <£-^ 

ot'^,tAJ-^ /3A;^*-^C^ /Cy'tSyiyy-^iy^. 

/^Ss A'^ 

USS^ <X^ 

•'4^V 

CA>-iS^ V JySS^ a.f-(Sy(UlS f '>^ 

UXnJlg^ y ^y iS--^ - -'^-:?f^ 

— ><^ 7^^ 

Ce>ClLiJL U. 
/W/f A.5^^W^ 

(/isc?^ Q-es^^ta^C^dij, 

/^// 0-



^ - . / 

^2£^!Spf ^~) 

t-^ 

^ Mi, /l^c^ 

a CZ-th-cA^ 

-- C^J0' 
[ ,^<1^ (yisi-2^^ J 

/^iz<r- ^f7/s/^ ^ ' . <£ef<k6 

r-ytnkP' <5< yQ-eyO-ei^-tz:^ 

cy 

/yi<z^^j ILMP 
— A:P^P<3Se^jO^ JkiyoAy 

— uP-'/b (£;^ /(;" nr" 
b.J~tykh 

— j>xyB^ ^ 

S-^-ijui ^ 

(^Ai-k7^Zr>^\ .JV^ 

LA- <^of- ^ PJ}c/;ju. 



/^ C^/S^ '-rXS^ " A^ <L<_/—tr 

y^-7 z?^ <^5rtt^ J J /<i7 ;2^ 

Lxa/(j^ 6<.^-Cr^^ 

U f, ̂  
<£3- t-YSs-

- U.0^.^ ^5"®^ .Aj»ifr',,i^.../iu^''^ 

^^-La<i^S.<S-t--tS><' <3^ ^r'XCS^'^^ . 



•...1 V. • 

0(>^ U . •. 

-»7-l-<#»v /-ijCU^ ^ ̂̂ y/CsK 

(AJ^ 

4^ ̂  CS- /'^S© 



4>.. 

J .<5^^ C 

r-=^ 

l/^yf>f-/fa~x^ ^-~V 

Y ^r^-'-caa. 



*. 

^ -PM ' ^ -
Cja^^ CPyAjuyt^ ^ pPty-r U^-' 
^ir ,i^-i>>^ (/<y^!oCJ) ^ „• 

y ^:^yLlyCy^ y 

£!^ 

pO C •"- /Uw- ^ j7^ 

O:, ^:i:^»:-<r-v-pr ... 

y/rv_^ y^-^LrC^y^ c_ -AZT^ ̂  ,' . 

y2:^^gyHy<Lye, O. f^-^ 

Cy0 v4> ^7^ c^'-a^-yCp^ 

£-

Ccp—S^'^^ 

/A ^ ,/gr-^,.^^^ -> p-oC <ZytjJ^'-rh/' ^yP-^iS^ f 

^e^-^^^aie. t^pUjz, PS <Py/pP~ \^ 

/^^SnypCi. ^ ^ <-X/ ^ A / 
«(/ Ps~p/ C.^^r6r^ C-'y'-tSS 

h ^ SciS Ju^ f, 

"pUL^ OS^ <f\ OJ-P^ VC 

(y^JL9-n,Ui_^ Aj—•»'C>-ry~yyP^izr\ 



^7 

t^y 

v> V QOx.,.^ 

^ cV>-e ^ 

i*-'-^^ 4.^ 4-'if-'-^^>'^ \/ a—I 

^^'«52---3-C.,<S^-^ t-C-, 

^ ̂ AA^ 

-r^ Xw/'p-cA^ 

n—^ A: u>-cz^ 
" C{--^. c£y^ ^-J /^ 

^/ /^J2v 
^^HJL <Z--erP^ 

-W, 

-cPCiP4^ «^/ c=^-c>o>^ 

t-C <^//^ 

IS-^ <AC'<-v.X!^tlC, 

-rJ^-tS^ <P 

A-Cs-

• dt^-e---^ ^152-«,L^ ^ ,fy6k:^y>-^ 

£AA^" c^O'Cr^a'^^^ 

h y'd-^izL^ CJLJ-(^'^^ 

^ qy^ja^ zO^^-y&t.c^ AsA e<;^ (sA 



^ —•^^U^y^uy^ £X^ S-iy.-t.y\y0''^C y'\..^^^,6ytP^-<^^£y'{jl<S-yy-yr\. 

'>->—•a-\-P . Q 

p-nyyS'^-yy^ y\A2iA^ •^esC^ /9C'<J-0'r^ 

^i^^'t^<yi:, <2.-£r^ ^ 

^2-4- "t CZyff^-y^-yl^ /^-Q. ^^ 

4^ L^ 
^ - CU^A^ ^ 

c/fl<. c.>-<s-^C 

7^-^ T^, ^/4S2.\/7":S3 

<>^{C.Axr '^-z^ ^ ^ 

; Ct^4^ /-T^S" /-trty^"^ ^ ̂  ^'yy4~ /^ T 

i-^ 

. bJ-^ £>AyA6e 

^ 7^ (P^.yCyA 9—03^ <^ 

(pUy-X O AcS^ 

(y}fl~ -7 

^AL 7~~ d^Cr 



f' A^ Atgy^ (^-'^ /^•<yOot^'riJ^ ^>ec//^ ^3<^ G /i-^Ce^O'TLJ^ 

, ^ ^ 

P^ ^2^ 

^ V^;> 

. I 

<uy'^ ^ 

cr <L - '?--_J2-C-, *—^-L'^^c—^ 

C(J-^ 

- -T 



JLM- ^ 
CLP S - f ^ 

f 

. •^ b [^)(^]Lk} --^ L^ 
^ a'i>^..cxJ^^^€j C^cM^ ^ ̂  

a^ 

J^) >—dv^ - -J'-y^P'Hj/' . , / ^& //O^Zet^ 

^ Q--:<^^..(uJ^^a^-^ <S^-^ /n '»--<f^ 

,;fl? - /c .«^» 9- Cij~^ /L.1^ 

C?c ^ <£^-^ Q-tj;^ £:>te^paf^^ /^Ji&'K^as^ /^-C€-'<^^<Se4^t<r^ ^ /9-^ 

•^' lu-'O-^ uy-fSy^ "7^ Z-«a^Aji^^ -A 

^.<^^ Ac.£u/^ y r::r.4^«»«h 

a>^ 

<:^A'^-cr-p 4^ irH^"^^ Aii AKS_ 

-- r 



m A • 

Ci^i 

A 

C© 

cfy^T" 

^ (^&0^ cJlr^ 

Oy^lp^uA 

-^ .(JS-v -

F/H: -fUa^ A^SL^IU^ 
/Ur^-e l/^i-

^ o-s^ 

f-Q%rf'^C - 5'-*^...'Z^-<Z_ ,;JI-^ ^ 

4^^X 

cjo^ ? 

f 



UP 6-^^ . 

£!< OPJA <£^r> 

, cjuu. 
— all c^T-^-oy^ -Atr^£ 

^l/j/OPt«>~JL JP ' ^ 

- JPPte^ u. 

(y1>0^ yl^iPU^^ptA^ 

, /Qp^p-P^ 
^ J ^ 

- /Ah^ A ^ 



/"i 

f-kUXiyuj / (My 

/y\ 

Jcfii' 

/\tk( <S/P-^/^-77w. 
" '• }SCr77o} 

—- -r^5— ^ 
Sj^Qp LXOA-1^ ^>ia_.-Sc 

Po ;-">/ - \oV_ 

^ 
h 

_£pA4ATi_._£ds, 

-PcL^lf)- HI 

... Cr^'Ca-,. Do 

/l^fchael J _ 

iK 

6^^^ ~ $-97. '^73S 

- 2 4 •'-2^//.^ 

4-12- Ibl-Z'^ID 

3/7 
31-1 2H7 ,i,4S7 

say 633 S^CG US Pefit olTlastict. _ 

uu. G7f-.C£^:,^J0.... .vJ4?- SS(^-4:7^0 

Ci S. Sisixr-.y T^sricjL, luu^LlxC aoa- (c23-SzS7 

.. H ^-- ^./'/^.. .CAi'^o y 3/2- SSi'2ocy 

f/fPc/. 6/?-m-5?9o 



T 

, y' 
• -, -J .i; 

to 

s z-
/u>-C:o /Truxitl^ i 0^ Ciy^ Cyt^f<.<,tyi^ 

'ZJ-JUA' tiX^I^Jju^ _ X!» oJJLeL.<M^. 

(^kS(<ZrL.cA^ ^ y^^C^6i^ayulTi^^ 

0 (/ / (f 
}yucA<sJ^ i^j£,7's -. 

^.i?Zs^ ./yo'CC«iA>Q^.r._^^ 

...C-O />^t<i-C<. pAH' >^^i> •— •^,fi%J^€i-^ 

:.. . _j.. Q) ./s'- 2o y.,_ fir/ 

...; .. C<A.<iV,»vi? <R,;^. $X», ,..1^(?^__. ..GPo-'^ 

x) 6^ 'hu^^LrxJ.tJ:- /o }UJiJtJl 
0 

o-Jc %.U^JLU^ ^ a^ . <^'^£<.0^^ ... \jiyzyjt 

..^... M A :i : iS' 
i/V ^ 

^ CoY^yt^ra^yJL. -fc 

jl.<^.. I cj( M.i<A> ^ PPH dP^viJdi, ^ 

/2tv^-v^ Cer»»^-*wt J^t/iM-^ _ 

( .'IfrX ._ "^Ti_ .9CM/L. ^_ yC^it'P yS-'h^^ ./tj • . .^.. 
M'STt.'. At4o-wy+ -f^ ~i^ Ci. y<>»ltv4-c«<. IJ}^*UZC^ 

"l^Lx. C'iTi^ (;^AM,'V2*ZVC3 //y^ 

LC CZZ7. ' 



[2l 

a) 

y£0 

J ; r 
^ -T5 

J- / . ,-^ f . // // c 

^4 3 ScxX . -
o. ) ... 

- -

_/i/'<5jfe.- - y J>AJ'^'j^-<f^— 

iLix ^ 

3 %Ly>_ ..^LJ!J...U. .A -ix^ 

/U^, 
/, I t. » ^ . 

t<c^ yU ^ At^'fiu.'CiiccKX 

J^O-jJ^ i^tiSB^ lOd^tA. .yCny^jA /U) 

(j^aTZ ', ju^uyyji^ uya:€L, . /<, ''4' 

4UA- ^UUU 3'tuA>^ 

L^ C,^ ^ 
J] 



[-33 ' 

r^^^<SL9 derU. : 

^ FA{\ 
"Fk. •|»</v-p^£^ ~ y^ | \-

yJ'U'nM^^M^<i:^k^..(9^u^'fJd^^ _^^ 

[4TW^.tX 0::. (^3ce5^_._A^ 

FUPTS^ Iv^/tf-Vt 

K<i^ (^y\A\ "^AjAA^y^ - H--/ kyvUryy ^^)^.iSrUy\.<Jty^ 

lA*^ ^ L-<. cuj^ 

yaWu,^' L 

:3&o ^ 

€Lr 
/Sx^c-rf(2,^ CA-^'^ 

jltc l^K/cXo-cAa . ..'fjt.... 

/{JLJJJ..^ €tyf /-iu^ 

it-ioT^: 

rw'»-_"-^ _ . Z V ̂  • ^^^--. .. Z^ . -. ~ ,_" 

C^) /)-<P^'^ ,- /; 'i CotdZiA • 

/H.O'TVC.^C. _ C0X'<^ 

/iJi y /tdi/^Ayy CKAi^^yt-tiA^r-L^ C^C<*uty 

f cY J A c/-^f 
,A^. 



"fltto '^a.,f;tu<3 . /2u,C/-, /-- y^Jifv^ ̂  

' 0 

/^AJUA^ i-flO 
.. Wt^/7^ _ .:_ 

EX 
. d 

/ 

A 

M . _ ; 

3 

-C <yv^_ 

•/ r 
A w 

c/oi^ Kt. 

f^h^u-L^dSri C.. v.»at^ ^ "W- 2 J alu't^-^ 

i) , 0 ,/ / , . , ^ D^ 

•• I 

^V/3 y£e 



^-k , _ 

/^___ 

. , V^C^ -^-^'rt 

kfOi'V^^L^ ,_ ju>fJ^... 

___Vw _ 

u.+t.' 
^ iai« 

<5b<^ ,&^Jo 

/?u^rj^^ y_ 

yi 
U* JLVC 

/Tic- k^<yLJL. 
h^. lJ..f>.^l ^ ^ L__4^. 

S G^vyyi^ . jZyta.oL^^. . 

A3 ^I^T' /O^ciJ loxA^ if>U Ujti^ 

y3-

/V 



[Cl Tine 

UJcJtZ^ 

' ( O ^ j ^ ^ C^ O 'C^ j) C>.A,t^J[^2*-^ 

)^hCl^:J^^JJU ^ "X /Twc^it 

.. . Y^ 

3 zA/Ajfi^/c'^ _a^ &CCAl^ 

L e RTT i C Hi 
/cJ.^JiS- Cc^JZr^ XA^M. (.AT Ci^ (AX COAJ^ h^y Uj^ 

^.x U V . 
chjLtL^-^-. aix.,Jr^>XAJc ^=r^ . . . 

iX 9(nS^i £*'o 

) LO'^ 4o 

7^...(7 V d 

^ (^ J^-eAjtA 



(P^ 

P^LJr' 

U'L^ Z _ 

grVv fc-<u^^ jC^ ^ . 

. ^ ^/ - A, , 

ciii^__^.\/_ 

... <J 

ifJLC.A,C^_ 

<K 7 
: ' &£^ 1:7 

-St.T'ffv'/^ i^w..'c..^ "7^ _''f^<U^,^^*nPlAQj^P 

-ffc. 7/071^- -*~r^ 

ytU^ r^ /f^, (j-LJl lu^^ UJO<*A^ /W ^ /£^lJiA<i^PJlJ 

l^ .lo L^ ?.,fp^ 

L 

'h-ni 
I. G. ^ 

CU_ ,£^^dA- toitd-

'4^ ^ ̂AA/ZI/CA- d^^suczU 



iL 
/ 

fT[ (2<Uy,nJZ. 

'( o , • 
.'^OLfiiL. . CU .. .^. 

/•-fcj^Y' ^ /y)AJ ^/c?-

5>(G. 

<E/x 

i 1 -•>•/ , 
/f 

3^-

^/c;)~:5-f7 V7i?5 

Cr/H 35> 

'- Z_.^, '> 

4-/2- lel-Z'j/o 

..<^c/ 
TTf^i^.^ays^. 

?i-7 2N 7.:<r 

^r 'CO. ^ /''•>-

^fAl/L 

M'chaet J /'^/?«/' 

V5 P£f>i of 7i^st/ct. - - 635 
C/^T Ci^-c^-^ SS6-£ ?^'c 

a J. ZNi.,-'. .-s;'ra-';C4, iC isa- tJf-fJ-.iV 

/<' 5 Cflo/^o 

f)j^PC/^ 
^ su- gei-3c.^7 

6fp-?f?-5??C 



NIOA/ 

J a LC»~^.^0^ 

^Ar 

^ ^ y^^iS»-t<U~; .^-'(t-r^^^ 'o—tf'^ f 

<£>•• c<t ^ -A-d-<>'^-

6C<2.,^J;92>. L>cx^^cs^ 

^ ^ 



. }"[ .. .. .. 

"^iiy ?tifjL Mjtc£^ j^!?-\ t '^yC.-cyey'yry&t^. 

^^tU<^lC<CBr> - y J J U-ypa^.,c^ 

J 

- cJ^ 

T" ./Z-tJ-ZcT-

•*^ t •( CJPBAJ:^ 
. 

^ l^lg<y^ /LyX^yy^ 

^ >) 

—' . ttA-zS^a /p^cy'tptt C^ 

Uyy^id-

^ <i-»^ cy^ _y. CJ-t&- <^4" 

^ kyA*-y^ \yyy^ ^ /•I 

" (^>c£y&4 <i>-^-<-€. t:4ccy4!U^ 

^ /-^ X-^t<<ACylPi,^4\ <9-0. 

y^Ae Oy-'S^'^ iyy-'Ct^y -i' /1-^'^^-©'>»T7»-^^-^^;^^ pA4c 

ASly^[x-lXA^y8A^ 

-=" Cy-yf<2, /jL y4jl pjl^Lyly^ ->7--*3^ l<piy-y^''yyy'^^-^^C.^.44e, 0^4^^ 

<S>7^ yOtA^e 2 ^ C<».--7^*-^2' 

uy2~<> Ufy&d- 2 

t/'^- Clue^ UPc/J. 
Lc2/ ^ (yA-ep^::^ ixo-dUju^ 

c^ro')^ LJ^ ^ 
bi-y^^ ^ Hj2cr '4c>' 22- ^ 

£i^ C^ ^.t>e<^ 

/(2s> (p//^^2^ 'X^:y22p€2!c2yA 



>4 

^ 74 ̂  

— KUA^ 1/ 

d«-*-l9^ Dr^-^'ifyje. 
\ . . ~ — 

d^ 4-£? ^ i^'krcr- ny-er^ _ 

— e,c.<3^c^ 

C 
U^4-e^-^ u*'^ JH^^ir-^ ^ C-"^ /t^f^ •— r-^"^ . C^-'T-^^ /^'-'^-C yW-T37^-^ 

V' ao<^ -^^^--^-^^Kae '>^ 

" ' y yO^-r-^ O-n 

,4^ y 6^ ,,2^ 

— Icfi"^^ &'^-^^-Ul-^ 

- U^ ^ J^J^ _ 
QUy^U,^ <y^ .^''L^I^/.. tyd 

.£*4^^ £i <t>-<^-^- - . „ 

CtK^yb^ 

y 

d>«^E. Uy-fX^ Cd-i/&^ ^/0-'^«<>'*T#-t^^ 

Cfcc^ d? 

dX^ 

../6>^ 11^ k I>-^, Cyy^P^ P tt,»'^2 ^ 

"" i 0'V^'~ytyta' 'Ky^^jg. 4y^ii4eJ^ /(r\ 

- ... -

7. 
A 

y ^ /y^ ^ fp^ytftyyyA. 

" uy^-^ /-inwa- i2-fj^ /^-ts ^iMeA^ 

V... I . ^ ./.yfrujr- ;>.->^>^ CiO-cpA, 

{ -Ztyitr- V jU-#-.^ cUz-^i^U^ j -uJ^^A>^ £:ia^~e. 4o /y6»^'yt^ 



e-

yi 

Ot^ iZ^z-^ 

—_ _ cc> /.^. ̂ . •4i5«tr' ^ ^ 

k/<Ji^ 3^^ J «c^^;^-7e ^ ^^4-7 

(^^Sr^-v, /i^yi/^ ^ ""^ 

. "7 <!?^ 0-'^'^ 7 . - -

/ Ai >/.—c^ 

c~^jtL Z^yX' 7^-t><-'^^ . . . 

/cPt> 



4 « * 
t}\' 

'. £l.C. 

ci>^'2Ci. I 

0jL-r .ah^ ~^,iW<S &. LiA/tT 

UJ(-^Ktr60 

jf -T- «- -y— 

y9 ^ ' 
^ /Ct-e^^ ̂  1/1 ^><5i!K_e. tjX Ot-f'''^/^/g>-wfc,^'*>» 

C/f,»^-"-^ 
- ^ <o-ga^ 

e?«-/. ^ ^ ^ fO ̂  

•— y%a^jt^-01^^ tS-^^ 

r- /'TxrtSe//^^ '»-<fi<2^ I £J {J , 

/et'^ c-'/Cj' JL <i/^S 
B 

^ 1 itA^ ^ C^AfAs /-
5)c 

JO'^-<!^ Cu-eAp 

A" 'Ai^^ Z^V/, 

— XKrffl-Z* "ZA jCihf fi^ fi/A^y r7^ / •<?«=- ^ / 

( 
i<j-fi^ ^:£tsAai 

\ 

a. ^ ^ 27* r '"^—r •«T;^,.-K • ^^ ' • • ' 

Aic^\ fOjG^^ ^ 

'•" /U-A e>^ 

" ;0^. /drrJaJ a.o/p'^-^.oA. 

/QJL^A *^-b^ /tf-!/^ /<5* r^t^\ f ^//IA) UJ>/' 

— ' 0 •*=—^—t— '—\j * 

Q) /4-^ s*-yA^ jh^ <U /At:^<^ 



1 

4. 
vM*yn<j:^jj^^ :S7 <^^7'v«v /.L I, I 

M dU^ ? ^tJSav.'C^ /i^^-t ^ 

CXftjth^ ' 

ioed: t:z-s^i^ y/^dic^ ^/- j-,-/^ 
^5~<f«n^<j, y u. /C*Vi-, ,'/^o^ 

/ 

V ^y\d ' cP:icos-.?o 

i(/^ r3 ~-> ^/p/y 

4l al «Cfc->-

A 
1 

/ 

; • 



y -1^ kL 

1^ 

- C/f:^H'/^/ 
JT"— 

.== f7i fA 

- /Tr.g /d-^ 

cn<^ 
^c^4- J-

^ ̂ •'—^ Y\-^A^t^ P '*'*^^ 

— A»t^ 'V< y 

L «-*^ltXt^ P «a.>>W>?l-t P 

/A-fir.A t iuJ~^ /^i^y ^f>v 

^ /\^\f ! dh\^ ? uJe^ /j>^ 

-4 c^ .'^-^ ^y>9t--/ P e>*rff^ 

_s—uikeL/~ —f>Ui^. 7 ^ ̂ j3 

y. /^u/^ i ^ 

- G>/qrk f^<t*T\ pcuyy^\ 

^ COCrt^f^i^ V^<vayatfttT a. ak-ti/ 4, ^ 

-A_ 

^ <rV;^ 

/L^ fi^ -g^^-.^ / Z c/^ ^ 



m 
•k 

1 

L fj»-Hiu^X. &<yL,l£^ "4^- /<?L^ f-a 

&Ay<^ ,1 /A--ii—^ , JLcu-^i.^ ^ 

t/O. a aP A-'I^LC^ ,/O^^^^Wirj- jf,' fU i } ^t—. 

A P • "7"^^ ^if-^ U.AJL/6 "7^ 1*^ 

A^»V7^ Z'^^-S/?-^ 

a. U^/ CC^ 101^ 

? 7, iU]?. /fl'pO'f\ /a^^frJ . THfO ^ M«Ii.'" <- -C' 

S<V\^ -Ji/" '\<'ip-i"'^^ J^'\.f. Clf - I9'7~?\ 

P r^T-

//. fi^yi/MAU^ iLen^^ A-'-»»i>' ^ -^de ti^/L-, eJ/h-M 

C^tdLtA'>A^U\yAUy> d^-r <^iUJ>'^fVL^K f'' /' <2 ^j<fl^» .j* ̂  s/ 

/" AJLM\AO^^^ Z^-W?, fiA^tJiijSp (P ) 

f^A^A^y\ jvY / jiO«-JLtf , Sl^pyT- -/I- J\ / ••^(g^ t^'-' 

(b- t6^XtA^-7 

6 

* 

• ' • . 
. 



ffo Ic^l^e^ ^ ? 

- ,^.J^ ̂  
CP ^ ̂  /<.-

=9^- / /^X (3^ 

4 q. ^ .#..^^-X=<y <<e-AzV 
7^ a-^o '*>~<::^ ̂  <3L ^>^0=^ 

u.'-c^ 0-^ ,P^ds>9^ 't—a^tT ^JiS'-t-^tf-^-^-



A 

2fA 

/ V ^ 

(uAACi "-A^S^SS »Vwtv-i ^ »-V^ (/Sll^iA/V. F^|<»«^j^-M 

_ PwU V A A^V«g.&£ ^ C^4v^ 1- Piya^liJt^ SypgTw<. f";^'_ 

5 il 
^1 -Ag&tSSS V>-C~^^ ^ V ^UVC/<-V eryfe: •/ly- ._^A.LL5 'Va.lc, 

ibsVMWfi/ulfl . 9-yi^^ }<^+ - .-
^^Ua-eU- o. yuLj^ Qrv^y.sfii^. I- U ^ 

_..|Aai.'.fe_-.. Dec Ai V , -

E-ff^tr. 1 

^•ma> 

i^o^ M( 

//e^-tf^ ^G-v- S>c^P 

IVUtWLo •A^" ~\k .rNp-w - Acu Ae-A/t.viy->e J A fA-O— 

-=?4w^ 

Jhj UC. 

^ '^UA vvC fw- IW. W-v ox^\ Vti C I f l-e. I c / Ay ._.,^ i ̂  

'' A>'n^ ^ Aosx ^.'1^'rj. T^. 

?>.pcvv^ rc.^/c A^-trg-^>- B^P 1/^^ / - 1g 

j'?y'^l/**fli_ . .*y 4y^&.^^S.'J ^ .J^ 

PH" - ^CA- „ _/<>^J. __. 

.- ^.,. ^.^_ 1^71^ A f"Af...'?<'.rA^ - ... 

/^i.^sA..,_ 

(AAA _V?-'' l.J-M. 

u.'>] tU^ iuhi fp tAJ-f 

ih.C^<7e Ic__ 4^, A ^.'^. , 

^ :t. __th^jj'. ^y .L.C.i''^^^^ -

I Qon^l«^ ... _ 

pe-<5^ ... .J';4^j?.A ^ . ~/A?/i'^'. 

i'vve.et.IiX. ~ iZei/^ 'TA-^ 

Q<rvviiviH,uvi^ i< (i^A-yv., ( ... ... .. 



M^Akt/ A^ )l-cAje^^^ hi (^ W^JiijL. !< c7>vp fcW^— 

/^_M. "K iy?i»dVN|.. 

(S-CAr r^ It (t-c^ ^ 1^ <» 51. /Ctrvo yZs ̂  

C_l3r ^g-i/^ >A^ (c V-/w^^ (-f 6fc>\ ^ ycc>r a ^ccij^lc,' LZTA^T. 

£t^<f //gl^^ ^^'^ico-^i, L: (f/^o /j, 

t^ri__...ij^-^*r>i.._.'^.—^-

..^M._^;ij 

^CA~-
(S 

lui',';^-



^isk /k^PeSSitfOfCt 

/lUutJ^ec ^ ^ fi&H C^iiA_^4@yea^^ 

f-fi^. I^o ^•^;.s7s ^ 4.rJ0:^_L.... 
£ <<ij 

t/iO-L 
latL -CI 

_ J^ «5k^ r^ruAiy .. 

J^< fh .^ .i. rf^.. 
^Oii €si)A^ ^ ch^ 6-A 

f\C. /f^3 . /^h\^^^2s,_.. ..erf' ^rii 

>^Pl 

^ ...7^..^. 

X7 .Qtsi^Acdji^ l,y...7k^<i-^ , C^ksfe y^ ..A 
....._j2.C4/t^^AAi.irjt.. P(^UAf7,^ 

imP2S'J£0b^<^7 

''(r7....0-^'f~ -/A.JScef^^ci .- Ocf^^s .97 ... 

,3^/5''B,.(ffo. ., _ . 

/ef/(i-~ 7(yj^.^ 77! .7^^ -f^sf i-^ 

fAa-AiS 
(jjvvC^ 



. 

-- p/y 
(zja>^<^ ^f- .5B^ J/^g • 

IjrA^'l^ 

Lcipc.. 
.___.yr7A^ 

_Z_-./^. 
'^c^S<\..o'f'__S^^ 

__^6^.). /y_jflsr^. 

(^tr'l'f^^ -r, -

Xry„Z?H-

lui- _._ :-. . JA^US . ..Snf^.S lf^AA) . . 
_-iy .J£-AVI///. 

,"^5^ M^>ff^Jj . Jt?4 K. ^l^j'^cr-ii. ^ ̂ ^ 

%rL5^jj^_xi_ dj^,,._/^'L^.AM ... 

!A./l(Jn 

P4 -_Z^^/f2J_.jA7^6 ex"^ . 

h^OS A./". - 7^ 

AorJj^^ S^S^ 

A - AiiAU^ /N . C^^. 
* • f ' t 

X/'il /9 V J> '21/ 8 L 
/ 

^/ZO/BT_ 

CMi'^ 



Si^ 

— U)i>rk~ j ^ J 

Jbd ^ l^eU^ J?y^ 

sui^:^ T/Z6/SZ. 

L^fkr ^0 IK'^ ~^~y~ <?i 
^£3L»l/V ^(^C/f " 

L ^ "fy^ ^Jujr^ ^ 

T^. ^^.JMdo-s ^^r/4 

J^'^sC ^cCif^or- ^ 7^ 

.„ c^r. .^„l:2:y- .„ 

_ Acl/ _ ,./^c/t„-^. i. 

- -

/ 

KyM^C' 



I. IA^OT'/^ 

ja. (^IL 

ISy*^ TCL IJU<I^ gtjk^ ^ /•.A''"*'^^®^''"^^ 
^ftoji AA-J^ itT^lAX^txAA^ /4 *^'' 

i /-Ti X assejs^ otwe^-f" OA^ h''^ ^ f^*^ 

4IVMA*IA^ '^Jirt>CAtf^e**-\ ar^ 

A^ 094- (^fe^^LCN.. ''^»Cc-<.«..«t^— »i4AC-C«jpM^ 

e- CJ»V&CA^) 

/w") ;4*^ A"|^ 4gprg»*g-uf- 1^) 

a*^ «3^£V— ^^ojcXcc 74©**''«^« H^ct^cBt.t(t^\. ^VdiuAftM }.—JS^^f 

lVo^ f2yUA^ ^ I 49$2--

A/HTj , jX-k if^^K^c--2La^ 

"t*" S,*"^ . ><A. S-C» L^^»S 

M^J f. OLV^ ^ 
^hC*-i.oJ5<W Ass£iS*uM^'t' A'. 

HsjC^Cu^^uy^ ^ Pr- y ^V-CeA.^-^ ^ft.'<eJt. t,»U^yc*A^ Cu-^ ^JUt**jc)tt»^ 

./tV tfV\*»-t*v'^l^ 

Sc^ "jt* »tO ^ I • 

(0s4>^ oU4\ /co-^ LA^VXAA^t\ti^4~ M.\/.c^ (ACL^. 

1^ /«w/ ^ C«Jot.,^^ 

yC^ jnn^ ^eA^^4A^M^ u-e 'f 

^TAA^ ar^i^ifCAt ^ yfc ^>4- /I^^IAVIMJ 



« I 

I /IAMC/ i'fii|vl ^-v- L<^ 7^^iv< ;zr "7 r L"I""?^'-^ ^ 



•r f 

h - -P^jxXr. -r.P^r>. 
SS 

JPAAJIK^ 

k 415^-: m 

K4S^ - t^( -

-- 4 

_-^LAAWC*^ 

1'. _/(t _ ^'0^. 

I*, ^ y^ 

. jA^drC. .4 _ A^'^. 

'{^^-pj*'y\< - /_ f^r? 4- A^-oA, _ /tee*-feOBt/.^.. 

-1 — 

ok. W(ijC-

-t 



^ A^](?i«^'-r^-!s_ . 

4 
I 

I 
u 

Uo . _C%Tll<<aei 

^ ^ vxlr^. 

f 
1 



I^KTK 
/ 

fnR?RTAN 

i mk «rw^ewwfe- wilPi 
(Ji- hil1?l -Br im^D ffp -tv 

-feb- 20^ "te r&iBw /ktcumiwiz 
wow 'StoW CorvMcb (5ntueo,r)wia« 
M- fMlldOM) ^h/M -fl-fvchdios 

is pjrrmmm^. \ ^ 
xi&\hi)toren)\ 

K.„,. » 

m/" 

w 401 fM ^a(- 5 
EPA «>4fi;e> 



•> 
'EKIUM Rost^io-T- 7g) UtnC4ifrtaut£-A.O. 

t— — 

" loiiiMt (ca^i- Sfi^hM- ~t?tO 

•T ^ {J ^ ^ 

- L (}<, \Aoi o{iMr' dLu^L-JTi 

' 

lw» CeMjtJU\y\n^ 

V- •—OA\<J^^ ^^U<r , 

2.. —1 J J*n(cu^ <u t'tetiUeL 

^ A-V Cji^C<^rv^»A. (JHUO«^ frtM^ tj^ "k ^-®lff %r „ J— I, IT n 

— ^^^fiu.Wl TvLl\t<J}. S«»J>^*-«-» )Zfcv/!»«»,X) f;icn t-^rvo. 
L \ ' ^ V\ 

^ ^ ̂-h— , //fjyi-' it Ajtlve. , Lc^Sjk— h /Ij^-e 

(^A/ oC'^l-w 

jdoXiA-cx^ IMUO^ AJ: ^ 

V)<) CCAJCXCL *2-6^^ •|cAt-tB'^w 

W) ^AC % 

4-€«^ ft^Y-
1 ^ rA.0 1 T' ^ 

, 2'gz> 1^4 ) 
1 * Q 1 * • . 1 * / ""A • 

>- e>\(L^ A)r-C. xmJint^AL- CUJL GWrjsA^^ 
• fl r\ 

— p2duj YTi^Lc *x5i "~ \2^C> oA^iAsL ^ AjejejL 
\ ^ " —f-

r 4A(UAA ^ klktf 

/L: M*^Jk O- iuii!J-C<^ 
i - f 



& • ' ' 
A' / / / .1 r ^ ^ ..r. 

Iff' ar^4i^ 
'I • ^ oy • I \ 0 r ̂ ^ 

' 'il ^ 
/ ^ 

- Scf'ifet^ Ceu^ dn^ Arf ylAv ^ 
7 ' V Y ' 

- /^Ivn/tceiV 

/ 
• 

' ftC^ibto^ AJf- Mi^ /UM^ 
V J ^ T ^ 2 fi ' ^ / 

^^.tJsMf'JnrtyZy MXUA ^)C^ Ce*^ (/• ^ ! 

~ /3W-V' //2/K6^ /o^j^ ) 

" ijikfiiu^ UJ%A^ <UtecHx<Aje^ £A'^t-Jtrri^^<X>t>*--*--e^ 
/ f f 

i ̂  0 / f fy f- / — —' 

; 

icvC/ 

— ^ • ' Wg*gt *•**'•» — - - ....... 

' m/uu^^tJ - dc*^ c^\iL Au^fi— 

CAG Y 2- i/tiSuA fiCC\ja ie^ yCu. 

" Ai ixo^tu^o /j^/SrA-' Pt.t(uU- (e^dit^J' 

•"^ iXA!s^K^2a2 MA, 4CV«-W? 

^ ^ /iM- icM CiAf M^lJitJ ̂  ydCfx^ 
7 .. " 

AI^VT MCAU^ .-/ {JA^iAlo^O^^ /}0^ (H 

ifftixAi^ ^aimUAn^^cu^ IJSGJ^ . /6<7«o ^ lu^^eu.,^ 
^ iyran /J^' ^ * • ^ 

'H- M'- /oUXA C^trtoo-7 0 r \ 



^lit'ttgCw A; iMcJc /AMulUf<^ a^J ^ t4<J^ 1-t 

-HsuX'K (ft4^ W Ai tvKc "jjb Waxs^o5^u P/hjL 

'W;< /h) hi>J- UX- ^g5_ £_.$k£ 

^L 

- ^ ^(Mr'uatJ rA UgB^JiA •• 

Ce^^i£uttS 

"^co'c-sin^ *9et.^^[\crr TVOCA. \<juu>At/€c^ 

i£> (i4A^4L^ 

— LoJc^ 

_bi2 WK ^ 

"^^JLA. liU-tf^y ^ \i^rk^ ||)v-t»^ ^ y(r<gg^<-c •" Ipg*. 

K' p^-"/ iU>U-o' 

!| ^AW>CAXO QyS^ J ^rrJy^O^ IX 

. rMiagiA^ (. (> /9g iU /^fjr 

f Dr. 

l2luL 1^ OMMAAA^ \^aAs^ ^T'&y^ 



^ %OX^^(A^ 'ib«jL 8>UA^ w/ J'-P" -
-'b:<;Tvu I^OO f>ce.W 

IMI £v^ /^IM fu^su. c\^\t^^) ^ 3T r ' (T ^ 

" CaJj^ iMviJjj ^"fi'ct "t6 4UA>»^A--/iiu^«-^lu--/^i>^|J<' H-rc^-C^ cl(2uC^ ^1/ vv, , .p- ^ • / ' -r'^ r T 

(\Wv i^^^Oni^uct^ -\lt^ Ae^A^lci^ 
i jf I ^ 

[M'IIK' ci t al^^Jtle^^ itu fSSo-eite-^ V » 
' 1 / T [,' (1 r 

" "Tiiitesi i- ^3>*f S ' 

1^ V) ( /)jr vi/ve^ - ^ 

1 ^ n^ 1 ' ' c r 

[ihe^ JiJidiUU^ r^rK (Ju^ iUc^ »«jr£ 1 

\ 

1 ir 1. ^ 

/ - . . " 

' 

Ul •louj h.- \iLA h fro^e^. 7> ^fpf ijgAiiaxctg. ? 

. y^ < 

4 ^ ^ is^ aiLisj' 
0 . ' -- -

* |V|: f/£<^ ^AM>'^t TUycl^^ • ^ 
^ 0 (7 

T 
;: (ivv^cw4 'jiA i^ LcAf t^LfA. AMSM*AJ iL me^ c^kf^ 

kij^iru^ 'icr % ¥ A^>^^leeC. ^ 

^It ^ ' s 
1 ••••--• 



J-

fjfmvifi JyJ- tneteAi^ • 

^ Ut^ LI ^ A^d^Ca^L-y OwuA^k^Sz^ 

/-^ipjoi.6-' k) (jBt^asows: ̂  
• 

^.^^MJ^AC' - Hr(A^ -|, Z^ MP 

yoM^ C , ax^ 4^^ 

1 
f 

T>lJl ^tofesJS. "iav I iJc OAL^CX - nJi^ \ui^ koHrtua^:— 
' V r \ 7 (\^ 

J 

-



UNITED STATES 
ENVIRONMENTAL PROTECTION AGENCY 

WASHINGTON, D.C. 20460 

ffljr 

II 

\A» 



lagiixy -fflP unnrthl/'i 

fURRjsc - _-TO i)6cu&5 (wi6 •nPtf ii moiJciie-y-ni0-fM)-^p^. 

ecr/i26tu-f HAD u CAJcazvt-. 

© t?WP*"- PtATTVlUfe OaHHyeUT COKlTPOU 
— -fivA*" 1 *5/-^ PAH C'^'lsviovi 

he t«cevi£ide^ed j ^iWtw" 'VU* £*'<+ft*'(>>i 
^ deflMe 4it« fcoell 

p(A.cbvHfMi hy "t'teAr 
_ <H4A "tb he ^uuM^et/ - h>^ -C^fn.) 

fr. ve^ caiTAMiti/tPoti 
~ pii dodtn. IfiOjO iuM*\ji6 oif (^uwtiiY '90 

(^WDM dft**. -fWv. Hclecel^ -AUs) ^P»iwin^ -/bwi^ 
_. w6(lf H* fed co/titi^iKaAr<f -td^ ojt w a}o6^ 

'Htt el^irvta^ Htf) ^yeife/AfVi. 
— \Z^AIIU^ eP doda ^ruJ HPtC; 

vul- 6C'/MS 4£C.IA.*««' Wil/ e((xM . 
— crvH)Vit& 

— dOf- tw A ^ c/a!i^ "o/ned 
tw^-hr^kJ of irti+Ta,^J«3 -ftte «%(<©«.+ 
c^+n>t« |1^ 

_ - 4t(/ Arvfp^ 
HfT ^ 

miwB t>u criieJ MfliJrmnJb \fiieus 
- (kVue^omHb rwteMcMr op U$eftt(l'^s 

f f 



..y 

^fcUb tAi^ ^AWftlUM 
— ^ (iVyvi+< couvW M-•'^pe&fiaSUj 

wh> <Hu T2A1> S*' 'HAA. o f <«• * 
<)jr<ift p«vivu+) 

^ MuuTiAfiUtF^ 
— AMiiJ 4o ^Pi^t cu+^ I***' by ft- >'*ws6 4v«/Mif6«' 

. r(M^ b«5<r<J ^ 
_ ftp ^DO^pm iTA^Vlfti'' 4Pv*-'^ >-

CtfA£^!Vthwl«V\ (pvJ 

^foPPflJ^ Tt)(|4T5 -' ftttei WgU- ?3 
— pwpci^i via sptf 4I«;„ ** 5 

^I^OAS" (/in 4i/1t TZAT* ; 
^ avKftCM-H i/r oAw.U/l'ifi ^iwaid^/V 

AIIOIV -fW iH« Cffkc -hwt- 4o «U«+ 
^OAAI^ 4t(/>^ iUoi/tUl •^\{pyoe6 1^ (tnic 

IM?YH"t»<"i(/^ ^sW 
if ntces^^ y 

Tt> ioi!L&m^ -. 

0 Ppif=rr PL/rnviuE fi^yroicMr ^OKJTIJOL-
-' wi'll (AtSKle*' cU^Ai^i/J^ /^r'tevii'Vl 

cyyinplAb'M.^ 4^ P-i/f5 

4^ Ve-t^ CC«4T7WM(.11/WM . 
— M» cUrf/Vv^e 



. -» 
• .y 

@ i?5zM?»e pu cH(€»d udiiiii2ia<Kit 
- cUoAM^e I'M }poefbeM-j^ 

&> f^VV^ Urtvi-b 
-- MBCA 4' uvwU tfM UPlJgs UJvvib • 
__ Wt*>+® iMw/t 4^ 

_ it^A pO iVUt yyuvi+tv. ^ 
"dyaff" UWwb can te i/ncAntte^ 4v 4W- RA:P 

^ MWl^ AtfUIRgP. \MeU< Fixes 
- (>oi\l cwsider J^(j|v//e^ p:>©p^^ 

_ aJl^uo^ „u<9< X' vv«65 
_ rcrfajft Icwv insEte. fee. / 

^ yST&PPUfe RPIMIS 
- will cM^'dcy 1261 IU| /gpr &Ac, 

^ yupjr^hf yad\^\ c«vi+wji ucOs. 

^it> TH/vr Vttey'co • • 

" A I2AP, flvt >/ice^ 
flf 4lwa y (vi'fttX*' 44«uf: A 

-_^o^ -HtAroa^ gui induce. 4afe _9«(^ 
pfeowne 0, p$flttlo-52i flflwrnivt/pvf 

f w&k6 e&< u« > •^.jvi^> • 
^ A id- of aid 

dft^ w«6^ w/' i-^duce ̂  



O V . 

s 

—-Ijj A s • S -A^ ;;)—iJ ">^ 
I fV r'J lj k ^1 -% 



^>7^ n^9g^g^ ^.^yy/rn^ 
JP ' '' y 

nrx^' —r^<po^ lys. 

^irrpuy c^rtp:^^ •^'^'C') 

oo/) >j:g ' C-^^-Z5/€OC»/) 

nsfl ^ nypp. Q •^-t-'V<xo^^ -v^/ 

nc» ''•V®*'>'»«'^»nrty^ '^"^tTwy nry^ '^7?^ 2my*v>^ 

-*->r" 

a. r^>r5^ PW>/r3^ -v^r^ -^r^ 

«=V^^»<»-y^ "^-<-6,^^^^ *^ff?^^^=''>r^ 'WjO»-0^—iO-<*-y^ «=Vy^ , I 

'»o-

/rff'^'nr^pj^ ̂  nrf<T^^ 
' b' '•" JW®J ^Sr ^ Jt f J i^\ 

Ir^-or^ 

r>^ 

^>- _ 

^5^ I 

nrrcqf^rr 

t^'>-yyP>T-nfjC^^ &icyyr;C^*^'^>nry'^ '"^V^ 

-t 

fVzS^ 

0 
T^fprrr-

^ / ^ 'inrf^Tr^ 

'/7^Ti>p --p 



f 
y2^^ _<?-<*?rtv-e-^ dxA^"^^^ 

"tu^xr /^X^ 
I 

a 

a^KSL^ 

J<1 Ot^OL, O-tfL, 

naphthalene* 
pyrene* 
aiithracene i-f phenanthrenG*l 
f I'jorarithrene* 
methyl naphthalenes 

acenaphthene 
dibenzofuran 
fluorine 
benzophenanthene 
benzofluoranthene 

]/ . _ ._ .... _.. ... . ... _ .... . 

. 0,GXU^ c 
J>XXU^ cfi 'xXo^ .' 3^ 

'•Ce^'yvC/^ <5&^UA-S^ ^««.<Xa^^ 

.yOi 'X^ y^y-yiA>=^ ./^<XkAy<Sinr\y TJ^ Z^fAy-o-

OL^p/XUA^ 

yCZ'^^X.cUL, ^^yf^^AAx^/po 



'2> 

c^ JUJL^ 

dSUL 

oo 

tJr €^yxx 
6^y 

•^1*^ ^y^^-c**suC 

o,cfo/ia^ • 

A^ 

75^b ^77^. 9. ^Cix-ar>"vW-0^ 

j otadt^ tfu»^^^X:«®-'»>-«ja^^'^t/^ cu«^^*?AT/a. ^J^A, 

\j>)^C^<yyjaUi^ <»-vtf»2*-0 

«o c<r<*» iSi^A^ ^A^JAULO^ ck^ T^^/A-C^ / ^A<A'•7^A-^U>^ 

^fA.A^y!tA^ .AUUT/A /A^ <yjfiAGjU^<>>JLJLA\I^P'^JUlJUr^^ 

X2<r^OH.CJe^ » tL^ ,^£2.<tf^CK;6o2^ ^*I3ZI6^ 

0'>AAH»4 ,z<z4^Ca. 

i^U OcJU*Xt^ ^"ydtAJW 

t'^yocy ^i^P'»v-\^ >ulfl. e^XUQXA^^AfUd^^ t4^ ̂ XAruA" 

-tf^C^L^ "CA. ^UjujfXA^^Ct^ cy^,.edt>JL.AA^ . 



it -

Tfh"^-^'W^srv^e^ ̂  •*^r?T^TO-^ '"^p^tgO 'y^O "^r^ 

nOr^-rtyC^n-/^ y-^^Yi^tn^/^ *'yjLr-'*Y^^ y^^-'yOyyyO 

ryp-"'*^ Z>l-'*ytrv-<-e'''»-vv»-^^ ^'^rf^o-ny 'typ. 

^in;:-ff>y'4viri^ n/rf^ • ^no 1^y*rrz^' '^t»n» u" u >» 

«>~j<2. 

^a >M< «iC.-0> 

I 'Tryo^'^l) " 

£t'€S, *'^^^''<*y9-vry *>^2-

'cy^rtr^ ^ -^2, 'y?s?-jr^ 

95iT»ta/r>^ *37^2 ny«>^y^ 

nrzroy^ ^ 'T>rrty^nr 

>V&^ nrw»w»y--^tfVigrJkT^ 

}y'r)J>j!^>rY^^^~^'OnyT^ ^7?^^ 

•nrvY^<^«'||^'" 1 iC I1^>I .*'vrj^>'^ 

_ ^ . ^^5^T>-nr 

> ---''"^W-tfir'5'T?'T'>T(V6^ nc-V^-^-*gr*>-arv^ Q7r»---p-/lfl^«v^Aa^ 

"l7~ ^ ̂ *y4^ 
"^yQ. ->2 ^y^Y-^yo^XK-r^ '— 

-7JZ. 

Y'-Yyy^ yHrvt^y/o<i/^ 

-V 



it^^-l^ • __ _ ^ 

y<? C^SUj^-<f^f>r>ju:X^ CL-VP^ -'tfZ^*^, TJO'<sCC»->..A»-^XJ 

-v2. 
_X 

,•^•#-08^-' 

3b£c^. 

-t^ ^tWxca4^ 

^OJUUJLJMJL <u 

^>UAJUJI^ -tl^ 

>U<v>>c*«^c^e€e^ 

C>>sb^*-4^*>'^-iA. Z'-'xA- ^i/rjUfC^ , /<x. 
X 

y<Z/\.^<i/^^'»^ <'7-yuU.<2..^ fci^O 

>CA 

)u<sJljdp>t ^rf<^ Ci^vvy^J^C-dt-^w-x^C, o^ 

X2-St--7 

CJL^^ l»«h ^ 

odsO^*J>'^^ 

^ ^OXdjjP^ <dr\J^UJudu ZQ^/<^ 

,p\ " /f ̂  T^ie<df»>-a.^ ccKdtH^ 

: dxd^^^JZf "^il—<$'- dUZ-^^d^ t^'djb ̂ A^jujSjXi • 



/tyfo7/k7/c.frL _.-C—^ 

»;• ~r- r,^- ̂  ̂  ̂  
-

.^^ESK 
•z^ 

y-tu^c^ 

.O.ys^ /79 ^>7 .<7VM1*<2XZ-*^ _Zv- _ 

7^6. .jWv.NZt/<i^0w2 

D-^t^^vyjjL/oa OL_^i^ "6^ o^ 

O^poJLa-r^ O-JL 

-«-*rv 

yjnr^ 

-

Ov-C-«'4'rr^>^^ 

iSDt ^'V 

<yy^o^ 

jwiZ/C 4^ y^2^^-»vysa.o^_7^ CLc^tx/jrxM^ _ C 

C<^^0-^ivv^ y^O'KhcJ^ yj->-^dL^ oJr^Ut-^if^ .^:5^*rv-c*MC_y 

^1 ̂ jii« i T11 

a. 

UJCCC^/^^ <X^ OA^^Qh-'-ey-'^^L^,0^^* kJ^ ji im ̂  

A^ JcrOJOAJLy^^y" 
,, 

,i^'<^oJjt^ 'XjuiX^ o-^ ytt^'P-c-rJ:;^ 



- 73CO 

o-,^ TS<a 

<*-VN- ''"•>-''^~^'^-»v,-i^5MU2l<o<J 

^^ftrtiiJT'vJ II, Xj 

c/si^ 

CONCEPTUAL COST ESTIMATES \ • • * 
P/ve/^/ttsicp /=Sp>e^^A<^tfg. 

ilop 

\ 

The capital cost was developed on a process-by-process basis using vendor 
estimates. Means Bui Idin^Construction Cost Data, unit cost values from 
prior Liiii|iii (I il projectsif and the like. T|^costs came from different 
sources, but all costs were escalated to quarte^J^I dollars using the 
Engineering News-Record Construction Cost Index of 15W. The capital 
costs of the individual processes were added for a total installed cost. 
Auxiliary costs (piping,^^^trical, instrumentation, and site preparation) 
are based on prior WB»*wiv,experience and are calculated as a percentage of 
the installed costs. Engineering and contingencies are calculated as a 
percentage of the total construction cost and added to give the total 
capital cost. 

Using the procedures described above, the total capital costs should be 
understood as accurate to to -4^. This estimate does not allow for 
unusual site preparation^ad^rfif innni firij if ip'-^fc^^agaiLULoil uF 

/'56lsi^^^^^SS^g^tilE35^iti8»*eiT%»iyieeirarfTi?Fa4rtflrETSt+i'1»ip«eaiid5ss£encfcw'e. 
meui, £/JTU»'9<~ 

Jia 

jueur wCC 

^<yoo^c>oo 



^7- ^ C:^/^ ̂  yTf^r^^ 

./ r/^ 

. 0»yx^Ce,^5i^L-rX-' ^ /^cu^/^-^ 

.1-1. 77_X-k^.^—^ 

I Uy^JL^^ iiyCKyiAiL*^^i^\^ 

JT, >^/9/^ig^V (So >7' 

.p(><x,-^\^ 

Q)ybu.oCM.Ce/^ Cc<t. R:^ 

To^U^/^-4. 

6C> CO-O 

"3^2,0. 0-00/ 

/c»c^<vOo 

COO' 

K; 
/y3C><> fi<:»0 

t?~ty rc^ 

So' y 13./9YZ ooyy 

/y7<7/ 

-^Z., f^rx^^r-'O-cv 

/// a 
^ '"'oO 

C>00-^ C'Q^<^ 

tz, C'Oj'^rx^O' 

// TYCic^'C 

Q)a 
C^O'^ ^ 

./^>d-<r->--a_ ^iir- '€/^ ^ (7^ 

n^<A^y.jrf^ ,AZ-» ,A*y-cyRj> ^y.>-*s^ c^ xy^ 

r*^ (kx^^ 

-:-^-rr^r,::^S-. 



cpy^' 

& 9-

OJ^O^. 

l^/ff'XAj^'r-> 

... IX. 

^'J-^.'K, 

}L ~r^R P>/S7/IL tqTir^tx^u>ooo P/?£^S/T/N U/a i'~rcL 

,c-- / 

g^/ -r C<> VA^ r/2-<y ̂  J 

/?- 5> o 
GL Ai'tnrU " Pi jyrt *^>Ue D e & pf^ 

_ D«lPr , fijulh',!^!.'-

^ 

^ nitiulrr^ 

A 
)7b5/^^y 

/Soo 
;/b:»/^ 

2^' CL _ 
/pOO. 

-,7,3 -

X''^<SL ir>~g-/^ ̂  _ /T®'®' 6 

c::>.^o5^ ^ ont>2>-

._37r„ 3 
i 

^i>vA6"b " ;5o, d»"2^ 

/oo . _/o 

—o 3e^o :.-35' 

>V J 

- /53./^ 

3 ssf 
- / y 

a./Vo •?rV.// _ 

.C< 

/oo 
c7./vy 

^55" 
O.bt^ 75t> 

r. ̂  t -Z U^u-tin OfJ 7/)t^l. ^ /Jy/, 
^VTwV^^t^:";; r^r: TT::: ^ 

tp) 

PTiC O-.-A-' /^7 7 ̂ /3i. 

I' jA^^rvir^'<2^^^_y <7Sy?^ ^3:"=^ 

_ //-/ —3^ oU/^ '^'Ajy^*^'yJ^r:p<^^,.A^^ 
2?" "V^^. , 

J ') 

CKy' ^-ot.X-r-\j> 



TABLE 

STANDARDS FOR DISCHARGES OF STORM WATER 
FROM SITE TO MINNEHAHA CREEK® 

Substance or Characteristic 

Oil and Grease, mg/l 

Phenols, mg/l 

5-Day Biochemical Oxygen Demand, 
mg/l 

Total Suspended Solids, mg/l 

Total Chlorine Residual, mg/l 

Zinc, mg/l 

Cadmium, mg/l 

Copper, mg/l 

Nickel, mg/l 

Lead, mg/l 

Ammonia, mg/l as N 

Benzo-o-pyrene, mg/l 

Chrysene, mg/l 

pH, units 

Permissible 
Concentration 
With Dilution 

0.5x^ 

O.Olx 

5x 

5x 

O.Olx 

0.12X 

0.03X 

O.Olx 

0.52X 

0.03X 

l.Ox 

Permissible Daily 
Maximum ~f 

Concentration 

15 

0.1 

45 

45 

0.2 

1.0 

0.2 

0.5 

2.0 

1.0 

2.0 

0.00001 

0.00001 

6.5-8.5 

Source: NPDES Permit No. MN 0045489. Refer to permit for addi
tional detail. 

J ^ (0.25)(flow in Minnehaha Creek)+(effluent flow rate) 
(effluent flow rate) 

Flows used in calculation of dilution ratio "x" shall be the 
daily total effluent flow rate and the daily total flow rate for 
Minnehaha Creek. 
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APPENDIX F 

TREATABILITY OF COAL-TAR DERIVATIVES 
IN EFFLUENT FROM GRADIENT CONTROL WELLS 

- V 

Due to regulatory constraints, the water quality parameters of most* 

interest in the discharge from the ground water gradient control wells 

include phenolic substances, polynuclear aromatic hydrocarbons, chemical 

oxygen demand, and oil and grease. Concentrations of these organic para

meters can be reduced by a variety of physical, chemical and biochemical 

processes which are described in the literature. In this appendix, some of 

these processes are briefly described. The results of laboratory tests 

undertaken to investigate the feasibility of several simple treatment opera

tions are also presented. 

Physical Treatment 

Gravity separation, the simplest form of physically removing oily 

material from water, is comparable to primary treatment of wastewater in 

conventional sewage treatment plants. This approach is often successful, 

especially where oily wastes are highly concentrated, and can result in re

moval of a variety of organic and oxygen-demanding substances and in recover

ing economically useful materials. However, it has been observed that 

hydrocarbon mixtures In effluent from the gradient control wells will not 

separate readily, either because of a highly emulsified condition or because 

of interaction with soluble organic material, such as phenols. Upon stand

ing for periods in excess of 24 hours, a degree of separation did occur 

among samples from Well 13, with a heavier dark brown sludge settling below 

a tan to brown supernatant. However, the sludge fraction still contained a 

significant amount of water. Therefore, it is likely that gravity separa

tion processes are not feasible for efficient removal, of organic materials 

from the effluent. Thus, if physical treatment is to be useful, more 

sophisticated technology must be introduced. Flotation, filtration and 

coagulation processes have been successful in separating oil/water emulsions 

(Patterson, 1975; Reynolds and Shack, 1976). 
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Preliminary tests, which will be described in more detail in the dis

cussion of chemical treatment, indicated that partial chemical oxidation 

and coagulation successfully broke the emulsions to produce a heavy sludge, 

leaving a reasonably clear supernatant. Other methods of physical treatment— 

such as volatilization, flotation, filtration and centrifugation—weri^not 

examined. 

"i Chemical Treatment 

A variety of chemical oxidants and coagulants are available that will 

participate in chemical reactions to remove oily or emulsified organics 

from wastewater by oxidation and/or coagulation. Oxidants such as chlorine, 

hypochlorite, chlorine dioxide, ozone, and potassium permanganate have been 
/ 

used successfully in pilot and plant scale operations for the removal of 

phenolic and other organics (Armco et al., 1951; White, 1972; Patterson, 

1975; Reynolds and Shack, 1976). Coagulants such as various polyelectrolytes, 

manganese dioxide, alum and lime can also -break emulsions and enhance 

gravity separation. 

3 Of the oxidants mentioned above, chlorine and hypochlorite are very 

3 commonly used because of their application to disinfection of drinking water 

and sewage. The literature indicates that oxidation of phenolics by chlorine 

occurs most readily in the pH range of 7 to 10 (Armco et al., 1951). When 

dosage and/or reaction time are insufficient for complete oxidation, partial 

chlorination using chlorine or hypochlorite has the danger of producing 

chlorophenols, which tend to increase taste and odor problems (Morris, 1975). 

There also is a general concern that chlorination of some hydrocarbons may 

result in a release of .potentially harmful compounds in the effluent (Kelley, 

1975; Morris, 1975). 

1.; 

4 

I 
1 

Chlorinated hydrocarbon production can be minimized or avoided by use 

of other oxidants either in combination with or in place of chlorine and 

hypochlorite. Ozone, chlorine dioxide and potassium permanganate have been 

found to oxidize aromatic hydrocarbons without the production of undesirable 

products (Armco et al., 1951; Carus, 1971; White, 1972; Johnson, 1975). Of 
\ 

these, ozone has the disadvantage of requiring on-site generation with 
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expensive capital and operating costs. Oxidation by potassium permanganate 

will result In the formation of manganese dioxide, a coagulant, and the pro

duction of significant quantities of sludge. 

Although some Investigations have Identified trace chlorinated aromatic?^ 

compounds produced by oxidation of phenollcs with chlorine dioxide (Llndgren ̂  

and Ericsson, 1969), pilot and plant scale operations using chlorine dioxide 

have shown that partial or complete oxidation of phenollcs and COD can be 

achieved without formation of significant chlorophenols. Control of phenolic 

tastes and odors has required dosages of 0.3 to 10 pounds of sodium chlorite 

per million gallons of wastewater (White, 1972). Sodium chlorite Is oxi

dized by CI2 to generate ClOj in most operations. Experimental oxidation 

of coke plant wastes showed that use of chlorine dioxide in combination 

with chlorine gas improved efficiency of using chlorine dioxide alone. Sub

stantial elimination of phenollcs appeared to be achieved In a period of 5 

minutes or less (Armco et al., 1951). 

O 
Literature Information and theoretical half-reaction stages for oxida

tion of organic compounds by chlorine dioxide indicate that a drop in pH 

can be anticipated as a result of the use of chlorine dioxide. Experimental 

use of chlorine dioxide to remove phenollcs from coke plant waste with 

phenolic concentrations In the range of 80 to 200 mg/1 resulted In a drop 

of up to 9.8 pH units. It appears that creation of both organic and inorgan

ic acids Is likely responsible for this change. Of the inorganic acids that 

may be produced, some have low dissociation constants, indicating they are 

strong acids. For example, HCIO^ could be produced during oxidation with 

chlorine dioxide and has a dissociation constant greater than 1, indicating 

It Is a very strong acid (Johnson, 1975). HOCl, which is produced during 

conventional chlorination. Is a weak acid by comparison with a dissociation 
—8 constant of 2.9 x 10 

To Indicate the degree to which chemical oxidants might be effective In 

removing organlcs from the effluent from the gradient control system, several 

preliminary tests were conducted using sodium hypochlorite and potassium 

permanganate as oxidizing agents. Chlorine dioxide supplies for limited 

laboratory experiments could not be located. 
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For the oxidation experiments, ground water from Well 13 was diluted by 

50% and by 98% with deionized water in an attempt to produce concentrations 

likely to be representative of effluent from the gradient control wells. 

Diluted samples were then oxidized with sodium hypochlorite (NaOCl) and 

potassium permanganate (KMnO^) at concentrations based on literature Infor

mation (Reynolds and Shack, 1976; Carus, 1971). A one-hour contact tli^ was 

used to guarantee relatively complete oxidation reactions. After oxidation. 

NaOCl-oxidized samples were analyzed for phenolics, COD and pH. In addition, 

tke most heavily oxidized sample from each dilution was analyzed for sus

pended solids and oil and grease, and each sample in the 50% dilution series 

was analyzed for biochemical oxygen demand. One sample was oxidized with 

KMi^^ for comparison with NaOCl. This sample was analyzed for phenolics. 

The results of these experiments are summarized in Table F-1 and show 

that both sodium hypochlorite and potassium permanganate were capable of 

oxidizing the organics from the middle drift aquifer. Phenolic removals 

were 12% or less where NaOCl dosages were n9t significantly greater than 

the theoretical requirement for complete decomposition. This Is In agree

ment with the findings of others (Reynolds and Shack, 1976). Phenolic 

removals Improved significantly with increased NaOCl dosage. On the other 

hand, COD removal appears to Improve slightly with oxidant concentrations 

and with dilution. Since COD analyses do not measure aromatic hydrocarbons, 

^this may reflect COD generation by the cleavage of aromatic rings partially 

compensating for COD destruction by chlorination. Oxidation efficiency 

appears to have been significantly higher with potassium permanganate than 

with sodi\jm hypochlorite. This may have occurred because of a more specific 

affinity of KMnO^ for phenolics, because of reaction pH, or for some other 

reason. 

An undesirable byproduct of oxidation is the formation of suspended 

solids, especially with KMnO^. After oxidation, suspended solids concentra

tions were measured in the samples oxidized with the highest hypochlorite 

dosages and were found to have increased by a factor of about two or more. 

Solids production In the sample oxidized with KMnO^ was much more dramatic, 

with formation of a heavy sludge which occupied about 10% of the volume after 

a settling period of about 1 hour. Visual inspection of the remaining 
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oxidized samples the next day revealed that quiescent settling had removed 

substantially all turbidity from the samples. 

In conclusion, experiment data Indicate that the organlcs under study 

are amenable to treatment by chemical oxidation in a manner that is consis-

tent with experience reported by others. High dosage requirements and sludge 

generation must be assumed if this is the only method of treatment employed. 

These processes appear to be helpful in breaking emulsions and enhancing 

J gravity clarification. 

Biological Treatment 

Biological oxidation of phenollcs and other organic wastes have received 

a tremendous amount of attention over the years. Trickling filters, acti

vated sludge, oxidation ponds and other applications have been used on 

experimental and plant scale to remove COD, phenollcs and aromatic hydro

carbons. In most cases, removal of emulsified oils to about 100 mg/1 Is 

necessary prior to biological treatment (Reynolds and Shack, 1976). This 

could complicate the use of biological treatment for direct oxidation of 

organlcs In the undiluted effluent from the gradient control wells. Exami

nation of microbial degradation of these materials has led to Isolation of 

various common microbes that are capable of oxidizing specific organlcs 

(McKenna and Heath, 1976; Cobb, 1973) and to the suggestion that toxic meta

bolic byproducts may be responsible for failure of unacclimated microbes 

to degrade some organlcs (Balrd et al., 1974). Patterson (1975) and Reynolds 

and Shack (1976) present brief reviews of applications of biological treat

ment to oxidation of phenolics and creosote wastes. Removals of phenolics 

and COD ranging from poor to substantially complete removal are reported. 

Several aspects of biological treatment must be considered in the 

treatment of organic wastes. First, all biological systems are susceptible 

to upsets due to variations in influent quality and to seasonal factors. 

Changes in waste strength, microbial nutrient balance, toxic chemical con

centrations, hydraulic loadings, sunlight and temperature may affect the 

efficiency^of the process. The production of biological solids can result 

in the need for sludge handling, although extended aeration can be used to 
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reduce the volume of sludge. To maintain aerobic conditions, oxygen supply 

systems are often needed. Biological treatment will need regular attention 

by trained personnel to control and maintain the treatment efficiency. 

To examine the effluent from the gradient control wells for biological 

'featability, several tests were made using various ground water samplesi 

These tests are summarized in Table F-2. They were conducted to indicate the 

biochemical oxygen demand of the raw water and to indicate whether or not 

prior chemical oxidation would seriously affect biodegradation. 

Variations in 5-day BOD of samples taken June 2, 1977 may reflect 

variations in organic species found among the different sources. Failure 

of BOD tests to yield results for most samples probably reflects a combina

tion of dilution in the BOD bottles and toxic effects due to the complex 

nature of organics present in the ground water. As the data indicates, the 

5-day BOD's of samples taken June 2 from Well 13 and Well 17 were about 

2,000 mg/1 and 30 mg/1, respectively. , 

Other BOD experiments were run with samples collected June 22, 1977 

after 50% dilution with deionized water and oxidation with NaOCl. The 5-day 

BOD'S of these samples were in the range of 2,000 to 3,000 mg/1, indicating 

that the 5-day BOD of the raw ground water obtained June 22 may have been 

in the range of 4,000 to 6,000 mg/1. This conclusion is supported by the 

fact that raw water COD was significantly higher on June 22 than on June 2. 

Reduction of toxic compounds due to chemical oxidation and variations in 

\\ microbial seed or nutrient availability may also have been responsible for 

j! this change in BOD. While a sample of domestic sewage was used as the seed 

on June 2, water taken from the storm water pond south of Lake Street in the 

[ii study area was used as the seed source in the second set of experiments, on 

; the theory that these microbes might be better acclimated to metabolize 

1. phenolics and other aromatic hydrocarbons. 
; : 
i: 

11 Data from the BOD tests of June 22 provide sufficient information to 

I; estimate BOD kinetic parameters for the oxidized ground water. Once initi

ated, microbial activity was vigorous and results indicated first order BOD 

reaction rate constants, K (base e), in the range of 0.6 to 1.2. The ultimate 
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carbonaceous BOD, L, was estimated to range from 2,500 mg/1 to 3,200 mg/1. 

Both K and L may increase with better acclimated microbes or other factors. 

Values of both K and L were found to decrease somewhat with heavy applica

tions of NaOCl during.pretreatment, probably as a result of the chemical 

oxidation. Compared with "strong wastewater"~where K and L values of abc^t 

O.A and 250 might be expected (Fair et al., 1968) — this Indicates an extr^ely 

strong wastewater and very rapid microbial response. Based on this Informa

tion, substantially complete removal of metabollzable BOD should take place 

within about A to 8 days. 

These BOD analyses are consistent with the complexity of the organic 

chemicals present In the ground water, the variations In water quality para

meters throughout the study area, the high concentrations of oxygen-demanding 

substances In various ground water samples and the difficulties Inherent 

In analyses of biodegradatlon where unusual compounds and potential toxins 

are present. Results do indicate that these organlcs should be blodegrad-

able, especially when acclimated microbes are available, and that pre-treat-

ment by oxidation with hypochlorite does not seriously Inhibit biodegradatlon. 

Additional testing would be necessary to dfeflne the blodegradablllty of these 

organlcs more accurately. 
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Oxidant 
Dosage 
(mg/mg 
phenols) 

2.9 NaOCl 

11.4 NaOCl 

52.2 NaOCl 

I !• 

14 KMnO 4 

Dilution 
Ratio" 

1:2 

1:50 

1:2 

1:50 

1:2 

1:50 

1:2 

U • 

V \ t 

TABLE F-1 

\ l 

EFFECTS OF CHEMICAL OXIDANTS ON QUALITT OF GROUND WATER® 

Approx

I-
i 1 
1. 

1 

Approx Approx imate !• 
imate imate Initial Final 

1; 

Initial Final Initial Final \ Suspended Suspended 
t 

Phenols Phenols Percent COD COD Percent ' Solids Solids Final 
(mg/l)<^ (mg/1) Removal (mg/1)^ (nig/1) Removal (mg/D® (mg/1) 

25 22 12 20,100 11,300 44 

o
 • 

C
O

 

1.0 2.5® None 800 384 52 — — 7.1 i 
} 

25 7.5 70 20,100 11,000 45 
I 

8.5 . ^ 
.'1 

1.0 0.38 62 800 376 53 — — 7.9 1 
25 2.2 91 20,100 10,500 48 240 463 

] 
9.1 ;! 

1.0 0.088 91 800 384 52 10 61 8.5 f' 
!| 

25 3.0 88 
% 

MM ^ 
__ 

'1 n 
'1 
. J 

All samples reacted for 1 hour prior to chemical analyses. 

^Raw water was diluted with delonlzed water. Raw water had 50 mg/1 phenols, 40,200 mg/1 COD, 486 mg/1 
suspended solids, and pH 7.5. Source of raw water was sample taken from Well 13. 

^Initial concentrations estimated based on dilution factors. 

^pH was primarily Influenced by the pH of the concentrated oxidant (12.6). Little or no change was 
observed during reaction. 

^Inconsistent data. Probably reflects uneven distribution of orga'nlcs In raw water prior to dilution 
or an error In analysis. Raw water was shaken thoroughly before samples were withdrawn. 



TABLE F-2 

SUMMARY OF BIOCHEMICAL OXYGEN DEMAND DATA 

A. 5-Day BOD of Samples Taken June 2, 1977 

4 

r 
/ 

/ 

Voliame of Sample in 303 ml BOD Bottle (ml)* 

Source 0.03 0.5 1.0 3.0 10.0 30.( 

Well 5 ND ND ND ND ND . ND 

Well 6 ND ND ND ND ND ND 

Well 9 ND ND ND ND ND ND 

Well 13 ND 2,200 1,700 ND ND ND 

Well 17 ND ND ND - ND ND 30 

B. 5-Day BOD of Well 13 Samples Taken June 22, 1977 After 50Z Dilution 
With Deionized Water and Chemical Oxidation With NaOCl 

NaOCl 
Dosage 
(tng/l) 

72 

280 

1,300 

Volume of Sample in 303 ml BOD Bottle (ml)* 

3,0 1.0 0.5 0.1 

>460 

>460 

>460 

>1,400 

>1,400 

>1,400 

>1,500 

>1,400 

>1,600 

3,000 

1,800 

2,400 

*Balance of bottle was filled with deionized water. 

ND means "non detected." 

F-9 
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223WESTJACKSON BLVD., CHICAGO. ILLINOtSGOGOe, TEL. 312-663 9415 

International Spociansts in the Environmental Sciences 

DATE: December 8, 1980 

TO: File 

FROM: Rod Bloese Rid 

SUBJECT: Minnesota/TDD# F5-8012-3 
St. Louis Park/Reilly Tar and Chemical Co. 

On December 3, 1980, the author met with Melanie Toepler (USEPA - Region V 
Enforcement) to obtain background information concerning the subject site. 
Areas to be addressed in developing cost estimates for clean-up of groundwater 
and soil in the subject site area were discussed. Subsequently, background 
information was reviewed and the following scope of work was determined. 

Cost estimates for the following areas will be determined: 

1. Water treatment of all fifteen (15) St. Louis Park Municipal wells and a 
number of additional wells. 

2. Remedial activity (clean-up) regarding on-site well #23. 

3. Remedial activity regarding approximately fifteen (15) "multiaquifer" 
wel 1 s. 

4. Contaminated soil treatment, clean-up, and/or disposal. 

5. Well field management plan. 

Presently, background review is continuing and cost estimate work for the above 
five (5) areas are bein.g initiated. 

RB/df 

recycled paper 
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1 :: 

while discussing the project with Paul Bitter, another topic came up. 
This involves the handling and analytical protocol for analysis of 
polyaromatric hydrocarbons. A contractor has been selected to do 
analytical work. They have proposed collecting the samples in brown 
glass bottles with teflon lined caps, cooling them (I'm assuming this) 
and sending them to their Alabama laboratory from Minnesota. Weston 
personnel raised a question the suitability of this protocol to assure 
that adequate data results from the analysis. 

Action item is for Thorsen to talk to Jim Smith and Bob Schoenberger to 
determine if there are any concerns that must be addressed with regard 
to this procedure. 

els/ 
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^ while discussing the project with Paul Bitter, another topic came up. 
• This involves the handling and analytical protocol for analysis of 
polyaromatric hydrocarbons. A contractor has been selected to do 
analytical work. They have proposed collecting the samples in brown 
glass bottles with teflon lined caps, cooling them (I'm assuming this) 
and sending them to their Alabama laboratory from Minnesota, 
personnel raised a question the suitability of this protocol to aissure 
that adequate data results from the analysis. 

Action item is for Thorsen to talk to Jim Smith and Bob Schoenberger to 
determine if there are any concerns that must be addressed with regard 
to this procedure. 
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TABLE 

STANDARDS FOR DISCHARGES OF STORM WATER 
FROM SITE TO MINNEHAHA CREEK® 

Substance or Characteristic 

Oil and Grease, mg/1 

Phenols, mg/1 

5-Day Biochemical Oxygen Demand, 
mg/1 

Total Suspended Solids, mg/1 

Total Chlorine Residual, mg/1 

Zinc, mg/1 

Cadmium, mg/1 

Copper, mg/1 

Nickel, mg/1 

Lead, mg/1 

Ammonia, mg/1 as N 

Benzo-a-pyrene, mg/1 

Chrysene, mg/1 

pH, units 

Permissible 
Concentration 
With Dilution 

0.5x^ 

O.Olx 

5x 

5x 

O.Olx 

0.12X 

0.03X 

O.Olx 

0.52X 

0.03x 

l.Ox 

Permissible Daily 
Maximum 

Concentration 

15 

0.1 

45 

45 

0.2 

1.0 

0.2 

0.5 

2.0 

1.0 

2.0 

0.00001 

0.00001 

6.5-8.5 

a. 
Source: NPDES Permit No. MN 0045489. Refer to permit for addi
tional detail. 

_ (0.25)(flow in Minnehaha Creek)+(effluent flow rate) 
(effluent flow rate) 

Flows used in calculation of dilution ratio "x" shall be the 
dally total effluent flow rate and the daily total flow rate for 
Minnehaha Creek. 
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TREATABILITY OF COAL-TAR DERIVATIVES 
IN EFFLUENT FROM GRADIENT CONTROL WELLS 

\ 
. i 

Due to regulatory constraints, the vater quality parameters of most 

interest in the discharge from the ground water gradient control wells 

include phenolic substances, polynuclear aromatic hydrocarbons, chemical 

oxygen demand, and oil and grease. Concentrations of these organic para

meters can be reduced by a variety of physical, chemical and biochemical 

processes which are described in the literature. In this appendix, some of 

these processes are briefly described. The results of laboratory tests 

undertaken to investigate the feasibility of several simple treatment opera

tions are also presented. 

Physical Treatment 

Gravity separation, the simplest form of physically removing oily 

material from water, is comparable to primary treatment of wastewater in 

conventional sewage treatment plants. This approach is often successful, 

especially where oily wastes are highly concentrated, and can result in re

moval of a variety of organic and oxygen-demanding substances and in recover

ing economically useful materials. However, it has been observed that 

hydrocarbon mixtures in effluent from the gradient control wells will not 

separate readily, either because of a highly emulsified condition or because 

of interaction with soluble organic material, such as phenols. Upon stand

ing for periods in excess of 24 hours, a degree of separation did occur 

among samples from Well 13, with a heavier dark brown sludge settling below 

a tan to brown supernatant. However, the sludge fraction still contained a 

significant amount of water. Therefore, it is likely that gravity separa

tion processes are not feasible for efficient removal of organic materials 

from the effluent. Thus, if physical treatment is to be useful, more 

sophisticated technology must be introduced. Flotation, filtration and -

coagulation processes have been successful in separating oil/water emulsions 

(Patterson, 1975; Reynolds and Shack, 1976). 
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Preliminary tests, which willbe described in more detail in the dis

cussion of chemical treatment, indicated that partial chemical oxidation 

and coagulation successfully broke the emulsions to produce a heavy sludge, 

leifVing a reasonably clear supernatant. Other methods of physical treatment— 

such as volatilization, flotation, filtration and centrifugation—were^ not 

examined. 

Chemical Treatment 
\ 

A variety of chemical oxidants and coagulants are available that will 

participate in chemical reactions to remove oily or emulsified organics 

from wastewater by oxidation and/or coagulation. Oxidants such as chlorine, 

hypochlorite, chlorine dioxide, ozone, and potassium permanganate have been 
/ 

used successfully in pilot and plant scale operations for the removal of 

phenolic and other organics (Armco et al., 1951; White, 1972; Patterson, 

1975; Reynolds and Shack, 1976). Coagulants such as various polyelectrolytes, 

manganese dioxide, alum and lime can also -break emulsions and enhance 

gravity separation. 

Of the oxidants mentioned above, chlorine and hypochlorite are very 

commonly used because of their application to disinfection of drinking water 

and sewage. The literature indicates that oxidation of phenolics by chlorine 

occurs most readily in the pH range of 7 to 10 (Armco et al., 1951). When 

dosage and/or reaction time are insufficient for complete oxidation, partial 

chlorination using chlorine or hypochlorite has the danger of producing 

chlorophenols, which tend to increase taste and odor problems (Morris, 1975). 

There also is a general concern that chlorination of some hydrocarbons may 

result in a release of .potentially harmful compounds in the effluent (Kelley, 

1975; Morris, 1975). 

Chlorinated hydrocarbon production can be minimized or avoided by use 

of other oxidants either in combination with or in place of chlorine and 

hypochlorite. Ozone, chlorine dioxide and potassium permanganate have been 

found to oxidize aromatic hydrocarbons without the production of undesirable 

products (Armco et al., 1951; Carus, 1971; White, 1972; Johnson, 1975). Of 
\ 

these, ozone has the disadvantage of requiring on-site generation with 

i 



expensive capital and operating costs. Oxidation by potassium permanganate 

* will result In the formation of manganese dioxide, a coagulant, and the pro

duction of significant quantities of sludge. 

'V* 
Although some Investigations have Identified trace chlorinated aromatl<r' 

compounds produced by oxidation of phenollcs with chlorine dioxide (Llndgren 

and Ericsson, 1969), pilot and plant scale operations using chlorine dioxide 

have shown that partial or complete oxidation of phenollcs and COD can be 

achieved without formation of significant chlorophenols. Control of phenolic 

tastes and odors has required dosages of 0.3 to 10 pounds of sodium chlorite 

per million gallons of wastewater (White, 1972). Sodium chlorite Is oxi

dized by CI2 to generate CIO2 in most operations. Experimental oxidation 

of coke plant wastes showed that use of chlorine dioxide in combination 

with chlorine gas improved efficiency of using chlorine dioxide alone. Sub

stantial elimination of phenolics appeared to be achieved in a period of 5 

minutes or less (Armco et al., 1951). 

Literature Information and theoretical half-reaction stages for oxida

tion of organic compounds by chlorine dioxide indicate that a drop In pH 

can be anticipated as a result of the use of chlorine dioxide. Experimental 

use of chlorine dioxide to remove phenolics from coke plant waste with 

phenolic concentrations In the range of 80 to 200 mg/1 resulted in a drop 

of up to 9.8 pH units. It appears that creation of both organic and inorgan

ic acids is likely responsible for this change. Of the inorganic acids that 

may be produced, some have low dissociation constants, indicating they are 

strong acids. For example, HCIO^ could be produced during oxidation with 

chlorine dioxide and has a dissociation constant greater than 1, indicating 

It Is a very strong acid (Johnson, 1975). HOCl, which is produced during 

conventional chlorinatlon. Is a weak acid by comparison with a dissociation 
—8 constant of 2.9 x 10 

To Indicate the degree to which chemical oxidants might be effective In 

removing organlcs from the effluent from the gradient control system, several 

preliminary tests were conducted using sodium hypochlorite and potassium 

permanganate as oxidizing agents. Chlorine dioxide supplies for limited 

laboratory'^experiments could not be located. 
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For the oxidation experiments,.ground water from Well 13 was diluted by 

50% and by 98% with deionized water in an attempt to produce concentrations 

likely to be representative of effluent from the gradient control wells. 

Diluted samples were then oxidized with sodium hypochlorite (NaOCl) and 

potassium permanganate (KMnO^) at concentrations based on literature infor

mation (Reynolds and Shack, 1976; Cams, 1971). A one-hour contact time was 

j >used to guarantee relatively complete oxidation reactions. After oxidation, 

NaOCl-oxidized samples were analyzed for phenollcs, COD and pH. In addition, 

t^e most heavily oxidized sample from each dilution was analyzed for sus

pended solids and oil and grease, and each sample in the 50% dilution series 

was analyzed for biochemical oxygen demand. One sample was oxidized with 

KMnO^ for comparison with NaOCl. This sample was analyzed for phenollcs. 

The results of these experiments are summarized in Table F-1 and show 

that both sodium hypochlorite and potassium permanganate were capable of 

oxidizing the organlcs from the middle drift aquifer. Phenolic removals 

were 12% or less where NaOCl dosages were not significantly greater than 

the theoretical requirement for complete decomposition. This is in agree

ment with the findings of others (Reynolds and Shack, 1976). Phenolic 

removals improved significantly with Increased NaOCl dosage. On the other 

hand, COD removal appears to improve slightly with oxidant concentrations 

and with dilution. Since COD analyses do not measure aromatic hydrocarbons, 

^this may reflect COD generation by the cleavage of aromatic rings partially 

compensating for COD destruction by chlorination. Oxidation efficiency 

appears to have been significantly higher with potassium permanganate than 

with sodixun hypochlorite. This may have occurred because of a more specific 

affinity of KMnO^ for phenollcs, because of reaction pH, or for some other 

reason. 
« 

An undesirably byproduct of oxidation is the formation of suspended 

solids, especially with KMnO^. After oxidation, suspended solids concentra

tions were measured in the samples oxidized with the highest hypochlorite 

dosages and were found to have increased by a factor of about two or more. 

Solids production in the sample oxidized with KMnO^ was much more dramatic, 

with formation of a' heavy sludge which occupied about 10% of the volume after 

I a settling period of about 1 hour. Visual inspection of the remaining 

•M 
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oxidized samples the next day revealed that quiescent settling had removed 

substantially all turbidity from the samples. 

In conclusion, experiment data Indicate that the organics under study 
a**. 

are amenable to treatment by chemical oxidation in a manner that is consis- " 

tent \rtth experience reported by others. High dosage requirements and sludge 

generation must be assumed if this is the only method of treatment employed. 

These processes appear to be helpful in breaking emulsions and enhancing 

j gravity clarification. 

Biological Treatment 

Biological oxidation of phenolics and other organic wastes have received 

a tremendous amount of attention over the years. Trickling filters, acti

vated sludge, oxidation ponds and other applications have been used on 

experimental and plant scale to remove COD, phenolics and aromatic hydro

carbons. In most cases, removal of emulsified oils to about 100 mg/1 is 

necessary prior to biological treatment (Reynolds and Shack, 1976). This 

could complicate the use of biological treatment for direct oxidation of 

organics in the undiluted effluent from the gradient control wells. Exami

nation of microbial degradation of these materials has led to isolation of 

various common microbes that are capable of oxidizing specific organics 

(McKenna and Heath, 1976; Cobb, 1973) and to the suggestion that toxic meta

bolic byproducts may be responsible for failure of unaccllmated microbes 

to degrade some organics (Baird et al., 197A). Patterson (1975) and Reynolds 

and Shack (1976) present brief reviews of applications of biological treat

ment to oxidation of phenolics and creosote wastes. Removals of phenolics 

and COD ranging from poor to substantially complete removal are reported. 

Several aspects of biological treatment must be considered in the 

treatment of organic wastes. First, all biological systems are susceptible 

to upsets due to variations in influent quality and to seasonal factors. 

Changes in waste strength, microbial nutrient balance, toxic chemical con

centrations, hydraulic loadings, sunlight and temperature may affect the 

efficiency of the process. The production of biological solids can result 

in the need for sludge handling, although extended aeration can be used to 
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reduce the volume of sludge. To maintain aerobic conditions, oxygen supply 

systems are often needed. Biological treatment will need regular attention 

i by trained personnel to control and maintain the treatment efficiency. 

Jo examine the effluent from the gradient control wells for biological 

xeatability, several tests were made using various ground water samples. 

These tests are summarized in Table F-2. They were conducted to indicate the 

biochemical oxygen demand of the raw water and to indicate whether or not 

prior chemical oxidation would seriously affect biodegradation. 

Variations in 5-day BOD of samples taken June 2, 1977 may reflect 

variations in organic species found among the different sources. Failure 

of BOD tests to yield results for most samples probably reflects a combina

tion of dilution in the BOD bottles and toxic effects due to the complex 

nature of organics present in the ground water. As the data indicates, the 

5-day BOD's of samples taken June 2 from Well 13 and Well 17 were about 

2,000 mg/1 and 30 mg/1, respectively. , 

Other BOD experiments were run with samples collected June 22, 1977 

after 50% dilution with deionized water and oxidation with NaOCl. The 5-day 

BOD'S of these samples were in the range of 2,000 to 3,000 mg/1, indicating 

that the 5-day BOD of the raw ground water obtained June 22 may have been 

in the range of 4,000 to 6,000 mg/1. This conclusion is supported by the 

I fact that raw water COD was significantly higher on June 22 than on June 2. 

' Reduction of toxic compounds due to chemical oxidation and variations in 

I microbial seed or nutrient availability may also have been responsible for 

this change in BOD. While a sample of domestic sewage was used as the seed 

I on June 2, water taken from the storm water pond south of Lake Street in the 

H study area was used as the seed source in the second set of experiments, on 

the theory that these microbes might be better acclimated to metabolize 

phenolics and other aromatic hydrocarbons. 

; Data from the BOD tests of June 22 provide sufficient information to 

estimate BOD kinetic parameters for the oxidized ground water. Once initi

ated, microbial activity was vigorous and results indicated first order BOD 

reaction rate constants, K (base e), in the range of 0.6 to 1.2. The ultimate 
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carbonaceous BOD, L, was estimated to range from 2,500 mg/1 to 3,200 mg/1. 

Both K and L may increase with better acclimated microbes or other factors. 

Values of both R and L were found to decrease somewhat with heavy applica

tions 6^ NaOCl during pretreatment, probably as a result of the chemical 
* 

oxidation. Compared with "strong wastewater"—where K and L values of about 

O.A and 250 might be expected (Fair et al., 1968)—this indicates an extremely 

strong wastewater and very rapid microbial response. Based on this informa

tion, substantially complete removal of metabolizable BOD should take place 

within about 4 to 8 days. 
• « 

These BOD analyses are consistent with the complexity of the organic 

chemicals present in the ground water, the variations in water quality para

meters throughout the study area, the high concentrations of oxygen-demanding 

substances in various ground water samples and the difficulties Inherent 

in analyses of blodegradation where unusual compounds and potential toxins 

are present. Results do indicate that these organics should be biodegrad

able, especially when acclimated microbes are available, and that pre-treat-

ment by oxidation with hypochlorite does not seriously inhibit biodegradation. 

Additional testing would be necessary to define the biodegradability of these 

organics more accurately. 
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TABLE F-1 

EFFECTS OF CHEMICAL OXIDANTS ON QUALITY OF GROUND WATER® 

Approx-

Oxldant 
Dosage 
(mg/mg 
phenols) 

2.9 NaOCl 

11:4 NaOCl 

52.2 NaOCl 

14 KMnO 4 

Approx Approx imate 
imate imate Initial Final 
Initial Final Initial Final Suspended Suspended 

Dilution .Phenols Phenols Percent COD COD Percent ' Solids Solids Final 
Ratio® (mg/l)'^ (mg/1) Removal (mg/l)*^ (rag/1) Removal (rag/D® (rag/1) pH'J 

1:2 25 22 12 20,100 11,300 44 8.0 

1:50 1.0 2.5® None 800 384 52 — — 7.1 

1:2 25 7.5 70 20,100 11,000 45 — — 8.5 . 

1:50 1.0 0.38 62 800 376 53 — — 7.9 

1:2 25 2.2 91 20,100 10,500 48 240 463 9.1 

1:50 1.0 0.088 91 800 384 52 10 61 8.5 

1:2 25 3.0 88 
% 

^ > mmm. MM MM 

All samples reacted for 1 hour prior to chemical analyses. 

^Raw water was diluted with delonlzed water. Raw water had 50 mg/1 phenols, 40,200 tag/1 COD, 486 mg/1 
suspen^e^"solids, and pH 7.5. Source of raw water was sample taken from Well 13. 

^Initial concentrations estimated based on dilution factors, 

d pH was primarily Influenced by the pH of the concentrated oxidant (12.6). Little or no change was 
observed during reaction. 

^Inconsistent data. Probably reflects uneven distribution of organlcs In raw water prior to dilution 
or an error In analysis. Raw water was shaken thoroughly before samples were withdrawn. 



TABLE F-2 

SUMMARY OF BIOCHEMICAL OXYGEN DEMAND DATA 

I 

A. 5-Day BOD of Samples Taken June 2, 1977 

/ 

/ 

Volume of Sample in 303 ml BOD Bottle (ml)* 

Source 0.03 0.5 1.0 3.0 10.0 30.< 

Well 5 ND ND ND ND ND . ND 

Well 6 ND ND ND ND ND ND 

Well 9 ND ND ND ND ND ND 

Well 13 ND 2,200 1,700 ND ND ND 

Well 17 ND ND ND • ND ND 30 

B. 5-Day BOD of Well 13 Samples Taken June 22, 1977 After 50% Dilution 
With Deionized Water and Chemical Oxidation With NaOCl 

NaOCl 
Dosage 
(mg/l) 

Volume of Sample in 303 ml BOD Bottle (ml)* 

3.0 1.0 0.5 0.1 

72 

280 

1,300 

>A60 

>A60 

>A60 

>1,A00 

>1,A00 

>1,A00 

>1,500 

>1,A00 

>1,600 

3,000 

1,800 

2,A00 

*Balance of bottle was filled with deionized water. 

ND means "non detected." 

F^9 



' m y 
7 

ecology and environment, inc. 
223 WEST JACKSON BLVD., CHICAGO. ILLINOIS 60606, TEL. 312-663 941B 

International Spftciansts in the Environmental Sciences 

DATE: December 8. 1980 

TO: File 

FROM: Rod Bloese Rid 

SUBJECT: Minnesota/TDD# F5-8012-3 
St. Louis Park/Reilly Tar and Chemical Co 

On December 3, 1980, the author met with Melanie Toepler (USEPA - Region V 
Enforcement) to obtain background information concerning the subject site. 
Areas to be addressed in developing cost estimates for clean-up of groundwater 
and soil in the subject site area were discussed. Subsequently, background 
information was reviewed and the following scope of work was determined. 

Cost estimates for the following areas will be determined: 

1. Water treatment of all fifteen (15) St. Louis Park Municipal wells and a 
number of additional wells. 

2. Remedial activity (clean-up) regarding on-site well #23. 

3. Remedial activity regarding approximately fifteen (15) "multiaquifer" 
wells. 

4. Contaminated soil treatment, clean-up, and/or disposal. 

5. Well field management plan. 

Presently, background review is continuing and cost estimate work for the above 
five (5) areas are being initiated. 

RB/df 
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International Specialist: in the Environmental Si Technical Brief D-

fO 
Number 11 I 3 October 1980 

IANALYSIS OF POLVNUCLEAR AROMATIC HYDROCARBONS 
The Analytfical Services Center of Ecology and Environment, Inc., performs 
analyses to determine the presence and extent of polynuclear aromatic 
hydrocarbons In air, water, soil, sediment, and particulate matter. 

Polynuclear aromatic hydrocarbons— 
also called polycycllc aromatic 
hydrocarbons, PNAs, or PAHs—comprise 
a large class of organic compounds 
containing carbon and hydrogen com
bined In two or more condensed 
(Joined) rings. The lowest member of 
this class Is naphthalene (moth 
balls); 

One of the highest members Is coro-
nene: 

In nature, these ring structures are 
found In a number of products Includ
ing coffee, clove stems, eucalyptus 
oil, and In smoke from open burning 
such as forest fires. 

These compounds also occur In such 
diverse sources as fossil fuel com
bustion products, motor vehicle ex
haust, fumes from coke ovens, refuse 
Incineration, and cigarette smoke. 
Recently about 1,000 different PAHs 
were Identified In cigarette smoke. 

Since PAHS occur so often and because 
many are known carcinogens or cocar-
clnogens, there Is now justifiable 
concern regarding their measurement 
and control. The PAH dlbenz [a,h]-
anthracene was. In fact, the first 
chemical substance of known structure 

to be Identified as a carcinogen al
most 50 years ago. The relative car
cinogenic potency of PAHs as a class 
Is second only to alfatoxlns, yet the 
variation of PAH molecular structure 
can profoundly Influence carcinogenic 
activity which ranges -from Inactive 
(e.g., anthracene), through border
line (e.g., benz[a] anthracene), to 
highly carcinogenic (e.g. BP, 7, 12 
dimethyl benz [a]anthracene). The 
study of PAHs Is further complicated 
by the fact that significant differ
ences In biological activity are seen 
In structurally related compounds. 

A good example of this difference Is 
provided by comparing the structures 
of benzo [a] pyrene (B[a]P) and 
benzo [e] pyrene (B[e]P). 

Benzo [a] pyrene 
B[a]P 

Benzo [e] pyrene 
Bte]P 

Although both are widely distributed 
throughout the environment, only 
B[a]P Is of marked environmental con
cern, owing to Its much greater car
cinogenicity. Analytically, these 
two compounds are very difficult to 
separate and Identify. 

Concern for the deposition of PAHs In 



the envlronofent Is further increased 
by recent ^scoverles that PAHs in 
the - atmosplS's concentrated on 
the surface^ of particulate matter. 
Additionally, it has been determined 
that most of the mass of PAH is as
sociated with aerosol in the respir-
able size range. 

Consequently, new technologies, espe
cially those involving combustion, 
must be looked at closely in regard 
to possible PAH generation. 

Identification and determination of 
PAH components in complex organic 
mixtures found in industrial emis
sions or environmental samples is a 
challenging task owing to the com
plexity of the components present 
even in relatively simple samples. 
Early methods of PAH analysis concen
trated on the measurement of only one 
PAH, benzo [a] pyrene, as an indi
cator of PAH contamination. Recent 
advances in chromatography have al
lowed investigators to gain further 
insight into the nature and extent of 
PAH contamination. The advent of 
computerized Gas Chromatography/Mass 
Spectrometry (GC/MS) has been instru
mental in the identification of many 
new PAHs in the environment. 

E & E's Analytical Service Center 
utilizes its GC/MS system to identify 
and quantify PAHs in environmental 
samples. Its Hewlett Packard 5993 
GC/MS can accept capillary columns, 
greatly enhancing its ability to 
separate complex PAH mixtures. 
E & E's ASC can perform PAH analysis 
on air, water, soil, sediment, and in 
particulate matter collected from 
mobile and stationary sources. 

Figures 1, 2, and 3 are read-outs 
from E & E's GC/MS system, showing 
the processes whereby several PAHs 
were identified in an air and a sedi
ment sample. Figure 1 gives the 
results of the analysis of the stan
dard used to compare against sample 
results. Figure 2 shows the analysis 
of an air sample collected on highvol 
filters at a hazardous dump site in 
Pennsylvania. Figure 3 is the analy
sis of a sediment sample collected in 
the Buffalo River at the point where 
it enters Lake Erie. 

Naphthalene, fluorene, anthracene 
pyrene, and fluoranthene were found 
in the air sample. These same com
pounds plus chaysene and benzo(K)-
fluoranthene were detected in the 
Buffalo River sediment. 



ANALYSIS OF POLYNUCLEAR AROMATIC HYDROCARBONS 
(Cont.) 
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PAKMI-TKK 
{k\.l. VALUILS IH utt/1) 

NoC€i All CM 

T«bl« S-1 
AHA1.YS1S or SUKROUNUINC UATW SUPPLieS 

(S««|>lei taken ll/t6/B2) 
unda found at leaa tian dttCccclon llslt have been deleted 

St. Paul 

Influent 

St. Paul 

Effluent 

St. Paul 

Tap 

PlywMicli 

Influent 

Plywwth 

Effluent 

Plymtli 

Effluent 

Plyaouth 

Tap 1 

MPLS 

Influent 

MPLS 

Effluent 

MPLS 

Tap 

AHA1.YS1S Mt QI2M HILL C1I2M HIU. ai7H HILL aiM HILL CH2H IIILL . CII2M HILL ai2M IIILL CH2M HILL CII2H HILL ai3H HILL 

ANALYTICAL EQUimENTi CC/HS GC/HS OC/HS OC/MS OC/MS GC/HS OC/HS CC/HS CC/HS OC/HS 

PAN (^INDICATES CARC1H0CEN1C PAN) 

NArirniAiJME 16 13 29_ 7.8 5.9 S.3 9.4 Note 1 9.1 Note 1 

1-MLTIIYLNAPinntAI^E sa' jj 1.2 1.2 1.2 6.0 l.B 
2-HET»yiJtArtm)Al£NE 7,4 17 5.3 5.0 4.3 11 5.4 

ACEHAPimiYLEWE 9.0 

ACEHAPimiENE 5.3 

FLUOR ENE 19 9.9 

ANTltRACENE 12 

PIlFJfAJmiRENE S 1.0 230 1.0 1,0 37 2.7 

PYRENE 64 2.7 

FLUORANDIENE 140 4.3 

PIIEMYLHAhmiALEHg 

B£NZO(a)ANTURACENE* 6.0 
9,10'aEWZPIIlLHAKniREHE 
aWYSEHE* 

* liCNZ0(b6k ) FLUORAKTIICNE* 9.6 
BENZOfalPYRENE* 
BEHZO<e)PYRi:NE 
BEHZOf J ) FLUORAHTIIEHE* 

'pEHViiNE 
|iEWZO(a.l>J)PERYI.EHE 
|HDENO(1,3'Cd)PYREHE* 
0-PIIENYLENEPYRENE 
Dl BCNZOfa ,h) AKTIIRACENE* 
TOTAL CARCINOCENIC PAIPS .. 15.4 - — - — 
TOTAL •TmiER" PAIPS 31 26.5 527 14.3 13.1 11.8 80.3 21 

NITROGEN IIETCRnCYCI.ES 

ACRIUIME 

CARBAZOLK 28 B.6 
IHHOU 5.9 
PHENANTIIRIDINS 

QUINOMNB ^,7 5.1 1.0 1.0 1.6 2.6 
BUiniR IIETBBnCYOI^B 

BENZO(b)rmof1lENS l.b 
OIBEHZOnilOPHCHC 

OXYGEN IIETEROCYCIXB 
DlBEMEOrvniAN 25 1.5 

MUCKLUfi^ 
BintENYL 6.0 10 
la-oiiiynRoiifDEia J,2 
110K118 

2.3'OniyMO-I-INDCNC 1.6 1.6 1.4 1.6 1.6 1.6 
1.0 1.2 1.0 1.0 1.0 2.4 

_ niTAL imiEK BASE HEfffBAl. COMWMINDS 
AMMTIC "1 

ANaiNE 

^i-iwi|kVAhrn^^^ Z~ 
i-AHimwiHiFicfi, 

Mrn: || fkicRlracilim 0I a yelluw aubaionce cutived Inwrdlnatelp higli datectluii llntca In iheae aaaple*. 

tajvu/r>h I I.r I 
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ANAI.YKIS UF SUNRDUMIING VUm SUPPLIES 

(SeHplei taken 1/20/0)) 

SI. PAIB. 
crriuent 

SI. PAUL 
Tap 1 

ST. PAUL 
Tap 2 SLP-8 SLP-B 

8U 
Tap I 

MPLS 
Effluenc 

MPLS 
Tap I 

ANALYSIS BYt aim uiLL OI2H HILL aim HILL aim liiu aim HILL aim HILL aim HILL aim iiiu. 

ANALYTICAL EQUIPHENT CC/HS CC/MS CC/HS CC/MS (JC/HS CC/MS CC/HS CC/HS 

PAH (*INDICATeS CAItCINOGCNIC PAH) 
NAPimUI^E 1) AS 21 7.0 7.0 5.6 a.B 20 
l-HETIIYLNAPimul£NE A.9 26 4.7 2.9 2.9 2.5 2.9 6.6 
2*HETIIYU(APiniULENE 6 SO 12 9.9 5,9 5.2 6.7 9.3 
ACENAPimiYLCNC 
ACENAPIfTIIEKE 1.0 1.3 2.6 1.3 
VUOREIIC 1.6 6.3 6.6 
ANTHRACENE 
PUENAHniHEHE 2.) 25 95 1.0 1.0 9.) 1.0 1.0 
PYRENC 1.0 1.0 12 1.0 
n.lDRANTIICNC 1.0 9.3 63 2.5 1.0 
PUENYLHAPimiAIENE 
1,2,6,7-TCTRAKYDROPYRCNE 
BCHZO(a)AlinmACENe* 1.0 
9. lO-BENZnrEHANTIIRENC 
QIRYSENE* 2.) 1.0 3.0 
bENZ0(bSk)n4KMmfTUEME* 
kENZO<a)WkEME> 
BEItZO(e)PYReHE 
hPIZO( 1) FtWkANTIlEME* 

" 1! I 
bnizoi i'li ,1) PERYLENE ^ 
IMuiwOCI^zlWd) PYRENE* 
0-I1IENYIXNEPYRENE 
D10eNZO(a,h)ANTHRACENE* 
TOTAL CARCIHOCENIC PA1I*8 1.0 ).0 — .. .. .. -
TOTAL "imiEB" PAH'S lO.I iAS.7 191.1 16.S 16.S ».l 17.6 17.1 

NITltniXH llETEROCYCIfS 
ACRiniNC 
akBAiou: 1.1 s.o 
INDOLE 
PIIENAimiRIDIItt 
OtllNill.iNil • «.i fi.6 1.4 1.0 1.6 l.S 

WLtllH IIRtlMCYmiS 
IENZO(b)71IIOniE|IE 2.0 1.0 1.0 1.0 
uitattonuorueMC 

tSVcai iinwocYcus 
UIMNtoniKAN 1.0 ».» 1.0 

Hisaiijtwious 
MniEWVI. I.l 1.0 1.6 1.0 
l.l-DIIIYMOINUCNE l.S h.i 1.6 1.6 6.» 6.1 6.1 

' imm I.o J,L„. 1.0 1.0 1,0 1.1 1.0 1.0 -
TOTAi. onwa use NsunuL OUHMUNDS 

AKOmTIC AMINES 
AMII.INE • 

NllTKi All 

i:iT?o)//o 

ItNiiHl ai leaa llian deCrctlvn IIMII have been delated. 
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Table VII 

PAHs In Raw and Finished Waters In the United States' (ng/1) 

Cincinnati 
OH 

New Orleans 
LA 

"HTaiirr 
FL 

Seattle 
UA 

Portland 
OR 

Co1uad>us 
OH 

Cape Girardeau 
MO 

Wheeling Jefferson Parish Tucson 
AZ WV LA 

Compound Raw Fin Distributed Raw Fin Raw Fin Raw Fin Raw Fin Raw Fin Raw Fin Raw 

Ph 14 10 14 6 14 10 12 8 3 14 5 9 4 20 14 10 

F1 <7 <3 <5 <4 <4 <4 <8 4 1 11 1 15 4 25 7 <2 

Pyr <14 <4 <3 <4 <6 <4 <6 6 <1 9 <1 15 2 18 3 <2 

1-MP <6 <4 b <2 <1 <1 <1 <1 <1 <1 <1 5 1 5 <2 <2 

An b b b b b b b b b i <1 b 1 2 <2 <2 

Ch 4 <1 <1 <1 2 <1 2 <1 <1 <1 8 1 8 <2 <2 
B(a)A 4 <1 <1 <1 <1 <1 <1 <1 <1 4 <1 9 1 9 <2 <2 

Per b <1 <1 <1 <1 <1 <1 <1 <1 b <1 <4 1 7 b b 

B(e)P b <1 <1 <1 <1 <1 <I <1 <1 b <1 b 1 <14 <2 <2 

B(a)P 9 <1 <1 <1 <1 <1 <1 <1 <1 4 <1 13 1 12 <2 <2 

B(ghl)P <1 <1 <1 <1 <1 <1 <1 <1 <1 4 <1 9 1 7 b b 
B(b)F 5 <1 <1 <1 <1 <1 <1 <I <1 4 <1 16 1 9 <2 <2 

B(k)F 3 <1 <1 <1 <1 <1 <1 <1 <1 <l 7 1 3 <2 <2 

D1B(ah)A <1 <1 <1 <1 <1 <1 <1 <1 <1 <1 <1 1 1 <2 <2 <2 

IP <4 <1 <1 <1 <1 <1 <1 <1 <1 <3 <1 <12 1 <9 <2 <2 

Total 39 10. 14 6 16 10 14 18 4 SB 6 107 10 125 24 10 

a Sorrell, et.al., 1979. 
b Not analyzed. 



Table XVI 

Concentl^ation (ng/1) of PAHj in Finished and Distributed Waters' 

Compound 
Standish, ME^ 
Fin Dist'' 

Ludlow 
Fin 

MA^'d 
Dist" 

Columbus, 
Fin Dist°'^ 

Portland, 08*'''^ 
Raw Dist®'9 

Seattle, WA^ 
Fin Dist® 

Colorado 
Fin 

Springs, CO** 
Dist* 

Ph 5 57 2 3 3 17 8 3300 2 32 3 29 

F1 2 10 1 1 1 13 4 640 3 8 2 6 

Pyr 1 5 1 <1 8 6 340 2 2 <1 <1 

I-HP <1 <1 <1 <1 <1 <1 <1 <1 <1 <1 <1 <1 

An <1 <1 <1 <1 — — — " <1 <1 <1 <1 

Ch <1 <1 <1 <1 <1 4 <1 /.6 <1 <1 <1 <1 

B(a)A <1 <1 <1 <1 <1 3 <1 2 <1 <1 <1 <1 

Per <1 <1 <1 <1 <1 <1 <1 <1 <1 <1 <1 <1 

B(e)P <1 <1 <1 <1 <1 <1 <1 <1 <1 <1 <1 <1 

B(a)P <1 <1 <1 <1 <1 — <1 <1 <1 <1 <1 <1 

B(ghi)P <1 <1 <1 <1 <1 2 <1 <1 <1 <1 <1 <1 

B(b)F <1 <1 <1 <1 <1 4 <1 3 <1 <1 <1 <1 

- B(k)F <1 <1 <1 <1 <1 3 <1 <1 <1 <1 <1 <1 

DiB(ah)A <1 <1 <1 <1 <1 <1 <1 <1 <1 <1 <1 <1 

IP <1 <1 1 1 <1 <4 <1 <1 <1 <1 <1 <1 

Total 8 72 5 6 4 54 18 4300 7 42 5 35 

to 
00 

a < Indicates that the compound may or may not have been presen 
b Zoldak. 1978 
c Sorrell, et al., 1979 
d Asphalt lining 
e Coal tar lining 
f Sediment present in water sample 
g Taken at the end of a low demand 24" transmission line 

at less than this concentration 
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1. INTRODUCTION 

€ 

€ 

The last edition of the WHO International Standards for Drinking Water was issued in 
1971 and that of the European Standards^ in 1970, These Standards have now been reviewed, 
revised and combined and will be issued in 1982/83 under the title of the WHO Guidelines for 
Drinking Water Quality. 

The old Standards have been widely used and applied by Member States. The WHO Inter
national Standards for Drinking Water have been among one of the most widely recognized 
and utilized WHO publications. The recommendations contained therein have been adopted in 
their entirety in a number of Member States while in others they have been used as the basis 
for establishing national standards. 

There is a substantial difference between the old Standards and the new Guidelines. The 
new Guidelines cover more substances, primarily chemicals, than the old Standards did and 
there have been a few changes in the recommended levels between the two editions; but perhaps 
the greatest change is with respect to (1) the basic philosophy in their intended interpre
tation, application and use, (2) their presentation and reporting, and (3) the manner in 
which the Standards were arrived at back in 1971 as compared to the way the new Guidelines 
were developed. The purpose of this paper is not to describe in detail the Guidelines for 
Drinking Water Quality and the guideline values which WHO will be recommending (although a 
table of these is included as Annex I), but rather to highlight the basic differences between 
the old Standards and the new Guidelines and to briefly comment on some of the scientific 
issues which were faced in the preparation of the Guidelines. 

2. APPLICATION AND INTERPRETATION 

Possibly the best illustration of the change which has taken place in the basic approach 
used is the change in the title of the document itself, i.e. from "Standards" to "Guidelines". 
This change is intended to reflect more accurately the advisory nature of WHO recommendations 
so as not to confuse these with legal standards which are the responsibility of the appropri
ate authorities in Member States. In contrast to the old Standards, the Guidelines clearly 

World Health Organization (1971) International Standards for Drinking Water, 3rd ed., 
Geneva, WHO. 

2 
World Health Organization (1970) European Standards for Drinking Water, 2nd ed., 
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recognize tne desirability ol adopting a risk-benefit approach (qualitative or quantitative) 
to national standards and regulations. The establishment of drinking-water quality standards 
must follow a very careful process in trtiich the health risk is considered alongside other 
factors such as technological and economic feasibilities. The establishment of standards 
without considering the practical measures which will need to be taken with respect to either 
finding new sources of water supply, instituting certain types of treatment, and in providing 
for adequate surveillance and enforcement, will not yield the desired results. In the Guide
lines the need for careful consideration of the standard setting process including follow-up 
activities are very much emphasized. 

With respect to the above, the old Standards were rather inflexible, although some con
sideration was given to the difficulties which might be faced with respect to meeting the 
standards in areas with water resources which were inadequate in volume or quality. In the 
years since the last edition of the Standards was published, literally hundreds of comments < 
have been received concerning the standards, with many of them citing the difficulties they 
had encountered in applying them. 

It goes without saying that the possibilities for providing safe water differs greatly 
among the different areas of the world. There are differences between the areas of plenti- ^ 
ful water and areas of water scarcity. There are differences with respect to ability to 
provide for treatment technology between the developed countries and the developing countries. 
There are differences between the water supplies for large metropolitan areas and those for 
villages and rural areas. Each case will require separate considerations if the resulting 
strategies, including the enactment of standards, are to be meaningful and achievable. 

In the development of the Guidelines a debate took place as to whether or not WHO 
should prescribe different levels of water quality for different areas or for different types 
of water distribution systems. There were those that argued for a two-tiered or perhaps even 
a three-tiered approach whereby minimal guidelines would be proposed for those areas which 
could not, either for technological or for economic reasons, meet the more desirable or safer 
levels which would be recommended for application elsewhere. It was realized, however, that 
the WHO Guidelines are concerned with establishing the health basis and the health risk and 
as such they should provide a common basis for setting individual standards. For this reason 
it was decided that only one degree of water purity could be recommended by WHO, while at the 
same time recognizing that in certain areas it would take a longer time to attain them which 
might include the adoption of some more inferior interim standards, but where the ultimate 
aim would be to attain at least the levels which have been recommended in the new Guidelines. 

The emphasis of the Guidelines is placed first and foremost on the microbiological safety © 
of drinking water supplies. More than half of the world's population is still exposed to 
waters that are not free from pathogenic organisms, resulting in infectious diseases that 
ultimately lead to increased mortality rates in the population. Those at greatest risk to 
water-borne diseases are infants and young children who have not yet developed a natural 
immunity, those people who are debilitated and the aged. For these, infective doses are often 
significantly lower than those required for infecting the major segment of the adult popu
lation. It is quite clear that in those areas of the world, programmes for assuring the 
chemical safety or the organoleptic qualities of drinking waters will be delayed except in 
those cases where it is quite evident that industrial effluents or agricultural run-offs are 
seriously endangering the water supply. 

The new Guidelines while stressing the importance of monitoring and surveillance, 
clearly recognize their limitations, particularly for the small water supplies. For these in 
particular, it is emphasized that routine sanitary surveys and other protective steps are use
ful and often the only practical means for identifying existing or potential contamination 
problems and for instituting remedial measures. 



I 

i 
J 

< 

I 

i 
) 

EFP/82.35 
page 3 

3. FORM OF PRESENTATION 

In contrast to the 1970/71 WHO International and European Standards, both of which were 
issued as single volume documents, the new WHO Guidelines are being published in three volumes. 
Each of these is intended to serve a different purpose and to a certain extent they are also 
directed towards different audiences. Volume 1 will present the recommended guideline values 
per se (as shown in Annex 1), together with essential information required to understand the 
basis for the recommended guideline values as well as information on monitoring requirements 
and where possible suggestions regarding remedial measures. This volume is primarily intended 
for those who are engaged in the standard setting process, as well as those that are responsi
ble for the provision of safe drinking water. For each of the recommended guideline values, 
the toxicological and epidemiological basis for choosing a given value, and the health risk 
involved, are summarized including information on uncertainties, safety factors, multimedia 

routes of exposure, etc. Special attention is also given to the ways and means in which 
these guideline values are to be applied and used. 

The second volume, which will contain some 400 pages, is essentially an environmental 
health criteria document covering those substances/contaminants which were examined with a 
view to recommending guideline values. This volume contains a review of the toxicological, 
epidemiological and clinical evidence which is available. This volume elaborates greatly 
on the health risk information presented in Volume 1 and should be considered as a vital 
companion document. 

Volume 111 of these Guidelines is intended to serve a very different purpose. It will 
contain recommendations and information concerning what needs to be done in small communities 
and in rural areas with respect to safeguarding their water supply. While it will detail some 
methodology concerning sampling and analysis of water supplies, a much greater emphasis is 
being placed on sanitary surveys and similar means of investigating the possibilities of con
tamination, particularly due to the presence of pathogenic organisms. The sampling and 
analysis of water supplies are limited to the basic techniques of multiple tube and membrane 
filtration as concerns bacteriology and simple methods for residual chlorine determination. 
This third volume is intended primarily for those authorities and people at the community 
level whose responsibilities entail the protection of public health or who may work in areas 
of general sanitation, etc. This volume is to be produced in much greater number and in more 
languages than will be possible with the other two in the hopes that these Guidelines can 
reach and be used by the local authorities in as many developing countries as possible. 

4. PREPARATION 

The way the new Guidelines were prepared also differs greatly from the previous editions. 
The approach used in preparing the earlier editions was generally for a few experts or an 
institution to prepare a draft document which, after some external review, was then submitted 
to a WHO expert committee for the final review and determination of the standards which were 
to be issued. 

The preparation of the new Guidelines took over three years and involved the active 
participation of nearly 30 Member States, literally hundreds of scientists and meetings of 
ten Task Groups. This effort was started in 1978 as a collaborative activity between WHO 
Headquarters and the WHO Regional Office for Europe. A planning meeting was convened in 
Copenhagen in 1978 where the basic plan for the development of the Guidelines was made. 
During 1979 the Danish International Development Agency (DANIDA) joined this effort by contri
buting funds to cover much of the costs involved. 

Each of the major aspects of drinking water quality, i.e. microbiological, biological, 
chemical, organoleptic and radiological, was covered separately, in each case the relevant 
chapters being reviewed and finalized by a group of experts in the respective fields who made 
recommendations concerning the guideline values themselves. In the case of the chemical 
aspects, this was further divided into two sub-groups - one concerned with health-related 
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inorganics, with the other dealing with health-related organic constituents of drinking water. 
At various stages, the different sections of the document were reviewed by the national focal 
points for the WHO Environmental Health Criteria Programme which in many cases provided 
valuable input with regard to information available within their respective countries. The 
document was also reviewed by other international organizations and individual experts. 

A final meeting to approve Volumes I and II of the Guidelines in their entirety, and in 
particular the recommended guideline values, was convened in Geneva in March 1982. It is 
expected that Volume I of the Guidelines will be issued prior to the end of 1982, with 
Volume II being issued during 1983. 

Volume III, i.e. Guidelines for Drinking-Water Quality: Surveillance of Rural Community 
Supplies, is still under preparation and a meeting to review and finalize it is to be convened 
in Bangkok in December of this year. 

5. GUIDELINE VALUES 

The nature of the guideline values for drinking-water quality which WHO is recommending 
is to be interpreted along the following lines: 

(a) A guideline value represents a concentration or a number which ensures an ^ 
aesthetically pleasing water and does not result in any significant risk 
to the health of the consumer. 

(b) The quality of water defined by the Guidelines for Drinking-Water Quality 
is such that it is suitable for human consumption and for all usual domestic 
purposes, including personal hygiene. However, water of a higher quality 
may be required for some special purposes such as renal dialysis. 

(c) A guideline value is to be used as a signal: (i) to investigate the cause 
when values are exceeded with a view to taking remedial action; (ii) to 
consult with authorities responsible for public health for advice. 

(d) The guideline values specified have been derived to safeguard health on the 
basis of lifelong consumption. Short-term exposures to higher levels of 
chemical constituents, such as might occur following an accidental spill, 
may be tolerated. The amount by which, and the duration for which, any guide
line value can be exceeded without affecting public health depends on the 
specific substance involved. ^ 

O 
(e) In developing national drinking-water standards based on the WHO Guidelines, 

it will be necessary to take account of a variety bf local geographical, 
socioeconomic, dietary and industrial conditions. This may lead to national 
standards that differ appreciably from the guideline values. 

In the following few sub-sections some of the basic technical issues involved with respect 
to the various aspects of water quality are highlighted. As mentioned before, the recommended 
guideline values are presented in Annex I. It is important to underline here that the guide
line values by themselves are not a sufficient basis for their application or use - they must 
be taken into consideration along with the information contained in Volume I of the Guidelines 
and in some cases with respect to Volume II as well. 

Microbiological and biological quality 

To ensure the absence of pathogenic bacteria and viruses, the new Guidelines recommend 
that for all types of water supplies, whether they be piped or unpiped, treated or untreated, 
or bottled water, faecal coliform indicator organisms should be absent. With respect to 
total coliform counts, some leeway is permitted ranging from absence of total coliforms in 
treated waters entering the distribution system of piped supplies, to a limit of an occasional 
10 organisms in unpiped supplies. 
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Routine methods for detection of pathogenic protozoans and helminths in water supplies 
are not currently available and coliform organisms are not good indicators for the presence 
or absence of these biological contaminants. For these reasons, guideline values were not 
proposed for these biological organisms. 

Chemical safety 

Some 800 organic and inorganic chemicals have been found in drinking-water. It is of 
course not possible (because of lack of health effects data) nor practical to derive guideline 
values and subsequently standards for all of these. When selecting the chemicals for which 

guideline values were to be established, the following criteria were used: 

(i) the chemical was known to occur relatively frequently in drinking-
water in significant concentrations; 

(ii) the chemical in question had been identified as being potentially 
hazardous to human health; and 

(iii) the means for monitoring (analytical methods) were known to be 
available for monitoring and control purposes. 

The Task Groups concerned with chemical safety of drinking-water investigated in depth 
37 and 46 inorganic and organic chemicals respectively and it was decided that sufficient 
health effects information was available for 9 inorganic and 18 organic constituents for 
which guideline values are now recommended. Where applicable, guideline values were based on 
an assumed daily water consumption rate of 2 litres per person. It was also considered that 
the guideline values should be protective for exposure to the chemical in question over a 
lifetime. In all cases, the recommended guideline values were strictly designed to protect 
human health and thus may not be adequate for the protection of aquatic life. 

For the majority of chemicals for which guideline values are recommended, the toxic 
effect in man was predicted from studies with laboratory animals. Considerable uncertainties 
are inherent in doing this which arise from the following factors: 

1 

I (i) extrapolation of toxicological data from animal to man; 

3 
(ii) extrapolation from high to low dose range at which the shape of the 

dose/response curve is not experimentally verified: 

(iii) lack of information about the intake of the chemical from water as 
compared to other routes of exposure, e.g. food and air. 

For a number of the chemicals guideline values were derived from the no-adverse-effect 
dose in animals (or man where such data are available) and applying a safety factor in order 
to arrive at an acceptable level of exposure. 

% Guideline values recommended for a number of organic substances that are carcinogens or 
suspect carcinogens were based upon a linear multi-stage extrapolation model. These guideline 
values are based upon the selection of acceptable risk of less than one additional case of 
cancer per 100 000 population assuming again a 2-litre daily consumption of drinking-water by 
a 70 kg man. 

In the case of pesticides, the guideline values were derived from the acceptable daily 
intake (ADI) value set by the FAO/WHO Joint Meeting on Pesticide Residues with the assumption 
that not more than 1% of the ADI is allowed through drinking water. Since the ADI is derived 
on the basis of lifetime exposure, short-term excursions above the value such as those result
ing from vector or aquatic weed control operations may be acceptable but would require care
ful surveillance. 
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Based on most recent information it has been found necessary to alter certain of the 
existing international standards for drinking-water. For instance, recent data on lead have 
determined that children and infants are particularly susceptible to the effects of lead. 
The guideline value for lead has accordingly been lowered in order to take these groups into 
consideration. 

Considerable new information has acctmulated since 1971 on the health effects of syn
thetic organic chemicals in drinking-water. Accordingly, it was possible to develop guide
line values for a series of individual pesticides, pol)muclear aromatic hydrocarbons, chlori
nated alkanes and alkenes, certain chlorophenols and chloroform. Where the available health 
effects information was considered not entirely satisfactory, "tentative" guideline values 
were recommended. 

The International Programme on Chemical Safety (IPCS) will considerably influence future 
updating of the guideline values for chemical substances. IPCS is a cooperative venture of 
the International Labour Organisation (ILO), the United Nations Environment Programme (UNEP) 
and WHO, and has as two of its main objectives the evaluation of the effects of chemicals on 
human health and on the quality of the environment and the development of guidelines on 
exposure limits (such as acceptable daily intakes and maximum permissible or desirable levels 
in air, water, food and the working environment) for various classes of chemicals. Such an 
international assessment of human exposure to chemicals will be of considerable help in 
increasing the data base for any future revision of the Guidelines. 

Aesthetic and organoleptic constituents and characteristics 

In the case of characteristics based on human sensory evaluation, judgement is often 
subjective. Aesthetic/organoleptic characteristics are very much subject to social, economic 
and cultural considerations, and the establishment of standards for the aesthetic quality of 
drinking-water should take into consideration implementation possibilities, and the existing 
socioeconomic and environmental constraints. When resources are severely limited, establish
ment of priorities becomes even more crucially important and such priorities should be set 
in relation to their direct impact on health. 

Radioactive materials 

Guideline values for radioactivity in drinking-water are based on the most recent recom-
mentations of the International Commission on Radiological Protection (ICRP). The guideline 
values recommended for gross alpha and beta activities apply both to naturally-occurring 
radioactivity and any radioactivity that may have reached the water sources as a result of 
man's activities. They represent a level below which water can be considered potable without 
more complex radiological examination. 

6. IMPLEMENTATION 

Safeguarding drinking-water supplies is a major health responsibility. The provision 
of safe drinking-water has been identified among the priority elements of primary health 
care which is the basis of the WHO strategy for health for all by the year 2000. That this 
element be vigorously pursued is the responsibility of many sectors of the governments of 
the Member States as well as of various professional disciplines. It should be considered 
of paramount importance not only by the ministries of health, but also by those who are 
charged with the management of water resources and the provision of water supplies for large 
cities as well as for small communities and villages. 

It is the objective of providing safe drinking-water, with the emphasis on safe, that 
makes the guidelines an integral element of the International Drinking-Water Supply and Sani
tation Decade. Thus the three volumes of the guidelines provide not only an important tool to 
secure safe supplies but also to set the yardstick for measuring progress and achievements 
towards the Decade goal. 

© 



I 

€ 

EFP/82.35 
page 7 

Their application, however, has to take into account that water-related communicable 
diseases are rare in developed countries and there the chemical, aesthetic and organoleptic 
attributes may be of primary interest. Decade activities in countries still suffering from 
water-borne infections should find useful support from the microbiological and biological 
parts of the guidelines, and from the advice on their application. Volume III is specially 
intended to bridge the gap between the mere publication of guideline values and their actual 
compliance under often adverse conditions, technically and organizationally as well as in terms 
of the available manpower. 

It is the hope of the Organization that the guidelines will be actively utilized by the 
governments at all levels to set new drinking-water quality standards where they do not yet 
exist or to up-date and expand existing ones. Standards embodied in the laws and regulations 
of a national or provincial authority do not automatically translate into improved water 
supply services and better health protection of the population. Vigorous assessment, moni
toring and enforcement are the complementary actions the guidelines are now calling for. 

The new guidelines provide a sound scientific basis (although with still some uncertain
ties) for establishing standards with respect to health protection. Thus, the law and policy 
makers are hopefully in a better position today to make the existing economic and technologi
cal feasibilities match the criteria when setting drinking-water quality standards. 

-i 

1 
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ANNEX I 

SUMMARY TABLE OF GUIDELINE VALUES 

Note: It is not the intention in presenting the tabular sunmary of guideline values that 
individual values should be used directly from the table. Guideline values must 
be used and interpreted in conjunction with the appropriate section and the infor
mation contained within the document. 

Values recommended in these guidelines are for total concentrations (i.e. all 
forms of substances present). 

I. BACTERIOLOGICAL QUALITY 

Piped Supplies 

(i) Treated water entering the 
distribution system 

(ii) Untreated water entering the 
distribution system 

(iii) Water in the distribution system 

Unpiped Supplies 

Bottled drinking water 

Emergency supplies of drinking water 

Number per 100 ml 

Faecal coliforms 0 
Coliform organisms 0 

Faecal coliforms 0; 3 coliform 
organisms in any one sample, 0 
in any two consecutive samples, 
0 in 98% of yearly samples. 

Faecal coliforms 0; 
3 coliform organisms in any one 
sample, 0 in any two consecutive 
samples, 0 in 95% of yearly 
samples. 

Faecal coliforms 0 
Coliform organisms 10 

Faecal coliforms 0 
Coliform organisms 0 

Faecal coliforms 0 
Coliform organisms 0 

O 

o 
II. INORGANIC CONSTITUENTS OF HEALTH SIGNIFICANCE 

Arsenic 

Cadmium 

Chromium 

Cyanide 

Fluoride 

Lead 

Mercury 

Nitrate (as N) 

Selenium 

2£/l 

0.05 

0.005 

0.05 

0.1 

1.5 

0.05 

0.001 

10 

0.01 
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III. ORGANIC CONSTITUENTS OF HEALTH SIGNIFICANCE 

Benzene 

Chlorinated Alkanes and Alkenes 

Carbon tetrachloride 

1,2-Dichloroethane 

1,1-Dichloroethylene 

Tetrachloroethylene 

Trichloroethylene 

Ug/1 

10 

3 (T*) 

10 

0.3 

10 (T*) 

30 (T*) 

€ 
Chlorophenols 

Pentachlorophenol 

2,A,6-Trichlorophenol 

10 

10 (Odour Threshold 

Concn 0.1 yg/1) 

Polynuclear Aromatic Hydrocarbons 

Benzo (a) pyrene 0.01 

Trihalomethanes 

Chloroform 30 

Pesticides 

Aldrin/Dieldrin 

Chlordane 

2,A D 

DDT 

Heptachlor and Heptachlor Epoxide 

Hexachlorobenzene 

Lindane 

Methoxyclor 

0.03 

0.3 

100 

1 

0.1 

0.01 

3 

30 

*T = Tentative Guideline Value. When available carcinogenicity data could 
not support a guideline value, but the compounds were judged to be of 
importance in drinking water and guidance was considered essential, a 
tentative guideline was set on available health-related data. 
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IV. RADIOACTIVE MATERIALS 

Gross alpha activity 

Gross beta activity 

V. AESTHETIC QUALITY 

Aluminium 

Chloride 

Copper 

Hardness (as CaCO^) 

Iron 

Manganese 

Sodium 

Sulphate 

Total Dissolved Solids 

Zinc 

Colour 

Taste and Odour 

Turbidity 

pH 

0.1 Bq/1 

1 Bq/1 

mg/1 

0.2 

250 

1.0 

500 

0.3 

0.1 

200 

400 

1000 

5.0 

15 True Colour Units (TCU) 

Not offensive for most of the 
consumer 

5 Nephelometric Turbidity 
Units. Preferably <1 for 
disinfection efficiency. 

6.5 - 8.5 

e 
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1. INTRODUCTION 

1 The last edition of the WHO International Standards for Drinking Water was issued in 
1971 and that of the European Standards^ in 1970. These Standards have now been reviewed, 
revised and combined and will be issued in 1982/83 under the title of the WHO Guidelines for 
Drinking Water Quality. 

The old Standards have been widely used and applied by Member States. The WHO Inter
national Standards for Drinking Water have been among one of the most widely recognized 
and utilized WHO publications. The recommendations contained therein have been adopted in 
their entirety in a number of Member States while in others they have been used as the basis 
for establishing national standards. 

There is a substantial difference between the old Standards and the new Guidelines. The 
new Guidelines cover more substances, primarily chemicals, than the old Standards did and 
there have been a few changes in the recommended levels between the two editions; but perhaps 
the greatest change is with respect to (1) the basic philosophy in their intended interpre
tation, application and use, (2) their presentation and reporting, and (3) the manner in 
which the Standards were arrived at back in 1971 as compared to the way the new Guidelines 
were developed. The purpose of this paper is not to describe in detail the Guidelines for 
Drinking Water Quality and the guideline values which WHO will be recommending (although a 
table of these is included as Annex I), but rather to highlight the basic differences between 
the old Standards and the new Guidelines and to briefly comment on some of the scientific 
issues which were faced in the preparation of the Guidelines. 

2. APPLICATION AND INTERPRETATION 

Possibly the best illustration of the change which has taken place in the basic approach 
used is the change in the title of the document itself, i.e. from "Standards" to "Guidelines". 
This change is intended to reflect more accurately the advisory nature of WHO recommendations 
so as not to confuse these with legal standards which are the responsibility of the appropri
ate authorities in Member States. In contrast to the old Standards, the Guidelines clearly 

World Health Organization (1971) International Standards for Drinking Water, 3rd ed., 
Geneva, WHO. 

^World Health Organization (1970) European Standards for Drinking Water, 2nd ed., 
Geneva, WHO. 

The issue of this document does not constitute 
formal publication. It should not be reviewed, 
abstracted or quoted without the agreement of 
the World Health Organization. Authors alone 
are responsible for views expressed in signed 
articles. 

Ce document ne constitue pas une publication. 
It ne doit faire I'objet d'aucun compte rendu ou 
rdsum^ ni d'aucune citation sans rautonsation de 
rOrganisation Mondiale de la Sante. Les opinions 
exprimees dans les articles signes n'engagent 
que leurs auteurs. 
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recognize tne desiraniiity ot adopting a risk-benefit approach (qualitative or quantitative) 
to national standards and regulations. The establishment of drinking-water quality standards 
must follow a very careful process in which the health risk is considered alongside other 
factors such as technological and economic feasibilities. The establishment of standards 
without considering the practical measures which will need to be taken with respect to either 
finding new sources of water supply, instituting certain types of treatment, and in providing 
for adequate surveillance and enforcement, will not yield the desired results. In the Guide
lines the need for careful consideration of the standard setting process including follow-up 
activities are very much emphasized. 

With respect to the above, the old Standards were rather inflexible, although some con
sideration was given to the difficulties which might be faced with respect to meeting the 
standards in areas with water resources which were inadequate in volume or quality. In the 
years since the last edition of the Standards was published, literally hundreds of comments 
have been received concerning the standards, with many of them citing the difficulties they 
had encountered in applying them. 

It goes without saying that the possibilities for providing safe water differs greatly 
among the different areas of the world. There are differences between the areas of plenti- ^ 
ful water and areas of water scarcity. There are differences with respect to ability to 
provide for treatment technology between the developed countries and the developing countries. 
There are differences between the water supplies for large metropolitan areas and those for 
villages and rural areas. Each case will require separate considerations if the resulting 
strategies, including the enactment of standards, are to be meaningful and achievable. 

In the development of the Guidelines a debate took place as to whether or not WHO 
should prescribe different levels of water quality for different areas or for different types 
of water distribution systems. There were those that argued for a two-tiered or perhaps even 
a three-tiered approach whereby minimal guidelines would be proposed for those areas which 
could not, either for technological or for economic reasons, meet the more desirable or safer 
levels which would be recommended for application elsewhere. It was realized, however, that 
the WHO Guidelines are concerned with establishing the health basis and the health risk and 
as such they should provide a common basis for setting individual standards. For this reason 
it was decided that only one degree of water purity could be recommended by WHO, while at the 
same time recognizing that in certain areas it would take a longer time to attain them which 
might include the adoption of some more inferior interim standards, but where the ultimate 
aim would be to attain at least the levels which have been recommended in the new Guidelines. 

The emphasis of the Guidelines is placed first and foremost on the microbiological safety e 
of drinking water supplies. More than half of the world's population is still exposed to 
waters that are not free from pathogenic organisms, resulting in infectious diseases that 
ultimately lead to increased mortality rates in the population. Those at greatest risk to 
water-borne diseases are infants and young children who have not yet developed a natural 
immunity, those people who are debilitated and the aged. For these, infective doses are often 
significantly lower than those required for infecting the major segment of the adult popu
lation. It is quite clear that in those areas of the world, programmes for assuring the 
chemical safety or the organoleptic qualities of drinking waters will be delayed except in 
those cases where it is quite evident that industrial effluents or agricultural run-offs are 
seriously endangering the water supply. 

The new Guidelines while stressing the importance of monitoring and surveillance, 
clearly recognize their limitations, particularly for the small water supplies. For these in 
particular, it is emphasized that routine sanitary surveys and other protective steps are use
ful and often the only practical means for identifying existing or potential contamination 
problems and for instituting remedial measures. 
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3. FORM OF PRESENTATION 

In contrast to the 1970/71 WHO International and European Standards, both of which were 
issued as single volume documents, the new WHO Guidelines are being published in three volumes. 
Each of these is intended to serve a different purpose and to a certain extent they are also 
directed towards different audiences. Volume I will present the recommended guideline values 
per se (as shown in Annex I), together with essential information required to understand the 
basis for the recommended guideline values as well as information on monitoring requirements 
and where possible suggestions regarding remedial measures. This volume is primarily intended 
for those who are engaged in the standard setting process, as well as those that are responsi
ble for the provision of safe drinking water. For each of the recommended guideline values, 
the toxicological and epidemiological basis for choosing a given value, and the health risk 
involved, are summarized including information on uncertainties, safety factors, multimedia 

routes of exposure, etc. Special attention is also given to the ways and means in which 
these guideline values are to be applied and used. 

The second volume, which will contain some AOO pages, is essentially an environmental 
health criteria document covering those substances/contaminants which were examined with a 
view to recommending guideline values. This volume contains a review of the toxicological, 
epidemiological and clinical evidence which is available. This voltone elaborates greatly 
on the health risk information presented in Volume I and should be considered as a vital 
companion document. 

Volume III of these Guidelines is intended to serve a very different purpose. It will 
contain recommendations and information concerning what needs to be done in small communities 
and in rural areas with respect to safeguarding their water supply. While it will detail some 
methodology concerning sampling and analysis of water supplies, a much greater emphasis is 
being placed on sanitary surveys and similar means of investigating the possibilities of con
tamination, particularly due to the presence of pathogenic organisms. The sampling and 
analysis of water supplies are limited to the basic techniques of multiple tube and membrane 
filtration as concerns bacteriology and simple methods for residual chlorine determination. 
This third volume is intended primarily for those authorities and people at the community 
level whose responsibilities entail the protection of public health or who may work in areas 
of general sanitation, etc. This volume is to be produced in much greater number and in more 
languages than will be possible with the other two in the hopes that these Guidelines can 
reach and be used by the local authorities in as many developing countries as possible. 

A. PREPARATION 

The way the new Guidelines were prepared also differs greatly from the previous editions. 
The approach used in preparing the earlier editions was generally for a few experts or an 
institution to prepare a draft document which, after some external review, was then submitted 
to a WHO expert committee for the final review and determination of the standards which were 
to be issued. 

The preparation of the new Guidelines took over three years and involved the active 
participation of nearly 30 Member States, literally hundreds of scientists and meetings of 
ten Task Groups. This effort was started in 1978 as a collaborative activity between WHO 
Headquarters and the WHO Regional Office for Europe. A planning meeting was convened in 
Copenhagen in 1978 where the basic plan for the development of the Guidelines was made. 
During 1979 the Danish International Development Agency (DANIDA) joined this effort by contri
buting funds to cover much of the costs involved. 

Each of the major aspects of drinking water quality, i.e. microbiological, biological, 
chemical, organoleptic and radiological, was covered separately, in each case the relevant 
chapters being reviewed and finalized by a group of experts in the respective fields who made 
recommendations concerning the guideline values themselves. In the case of the chemical 
aspects, this was further divided into two sub-groups - one concerned with health-related 
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inorganics, with the other dealing with health-related organic constituents of drinking water. 
At various stages, the different sections of the document were reviewed by the national focal 
points for the WHO Environmental Health Criteria Programme which in many cases provided 
valuable input with regard to information available within their respective countries. The 
document was also reviewed by other international organizations and individual experts. 

A final meeting to approve Volumes I and II of the Guidelines in their entirety, and in 
particular the recommended guideline values, was convened in Geneva in March 1982. It is 
expected that Volume I of the Guidelines will be issued prior to the end of 1982, with 
Volume II being issued during 1983. 

Volume III, i.e. Guidelines for Drinking-Water Quality: Surveillance of Rural Community 
Supplies, is still under preparation and a meeting to review and finalize it is to be convened 
in Bangkok in December of this year. 

5. GUIDELINE VALUES 

The nature of the guideline values for drinking-water quality which WHO is recommending 
is to be interpreted along the following lines: 

(a) A guideline value represents a concentration or a number which ensures an 
aesthetically pleasing water and does not result in any significant risk 
to the health of the consumer. 

<b) The quality of water defined by the Guidelines for Drinking-Water Quality 
is such that it is suitable for human consumption and for all usual domestic 
purposes, including personal hygiene. However, water of a higher quality 
may be required for some special purposes such as renal dialysis. 

(c) A guideline value is to be used as a signal: (i) to investigate the cause 
when values are exceeded with a view to taking remedial action; (ii) to 
consult with authorities responsible for public health for advice. 

(d) The guideline values specified have been derived to safeguard health on the 
basis of lifelong consumption. Short-term exposures to higher levels of 
chemical constituents, such as might occur following an accidental spill, 
may be tolerated. The amount by which, and the duration for which, any guide
line value can be exceeded without affecting public health depends on the 
specific substance involved. 

IB O 
(e) In developing national drinking-water standards based on the WHO Guidelines, 

it will be necessary to take account of a variety of local geographical, 
socioeconomic, dietary and industrial conditions. This may lead to national 
standards that differ appreciably from the guideline values. 

In the following few sub-sections some of the basic technical issues involved with respect 
to the various aspects of water quality are highlighted. As mentioned before, the recommended 
guideline values are presented in Annex I. It is important to underline here that the guide
line values by themselves are not a sufficient basis for their application or use - they must 
be taken into consideration along with the information contained in Volume I of the Guidelines 
and in some cases with respect to Volume II as well. 

Microbiological and biological quality 

To ensure the absence of pathogenic bacteria and viruses, the new Guidelines recommend 
that for all types of water supplies, whether they be piped or unpiped, treated or untreated, 
or bottled water, faecal coliform indicator organisms should be absent. With respect to 
total coliform counts, some leeway is permitted ranging from absence of total coliforms in 
treated waters entering the distribution system of piped supplies, to a limit of an occasional 
10 organisms in unpiped supplies. 
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Routine methods for detection of pathogenic protozoans and helminths in water supplies 
are not currently available and coliform organisms are not good indicators for the presence 
or absence of these biological contaminants. For these reasons, guideline values were not 
proposed for these biological organisms. 

Chemical safety 

Some 800 organic and inorganic chemicals have been found in drinking-water. It is of 
course not possible (because of lack of health effects data) nor practical to derive guideline 
values and subsequently standards for all of these. When selecting the chemicals for which 

guideline values were to be established, the following criteria were used: 

(i) the chemical was knoim to occur relatively frequently in drinking-
water in significant concentrations; 

(ii) the chemical in question had been identified as being potentially 
hazardous to human health; and 

(iii) the means for monitoring (analytical methods) were known to be 
available for monitoring and control purposes. 

The Task Groups concerned with chemical safety of drinking-water investigated in depth 
37 and 46 inorganic and organic chemicals respectively and it was decided that sufficient 
health effects information was available for 9 inorganic and 18 organic constituents for 
which guideline values are now recommended. Where applicable, guideline values were based on 
an assumed daily water consumption rate of 2 litres per person. It was also considered that 
the guideline values should be protective for exposure to the chemical in question over a 
lifetime. In all cases, the recommended guideline values were strictly designed to protect 
human health and thus may not be adequate for the protection of aquatic life. 

For the majority of chemicals for which guideline values are recommended, the toxic 
effect in man was predicted from studies with laboratory animals. Considerable uncertainties 
are inherent in doing this which arise from the following factors: 

(i) extrapolation of toxicological data from animal to man; 

(ii) extrapolation from high to low dose range at which the shape of the 
dose/response curve is not experimentally verified: 

(iii) lack of information about the intake of the chemical from water as 
compared to other routes of exposure, e.g. food and air. 

For a number of the chemicals guideline values were derived from the no-adverse-effect 
dose in animals (or man where such data are available) and applying a safety factor in order 
to arrive at an acceptable level of exposure. 

Guideline values recommended for a number of organic substances that are carcinogens or 
suspect carcinogens were based upon a linear multi-stage extrapolation model. These guideline 
values are based upon the selection of acceptable risk of less than one additional case of 
cancer per 100 000 population assuming again a 2-litre daily consumption of drinking-water by 
a 70 kg man. 

In the case of pesticides, the guideline values were derived from the acceptable daily 
intake (ADI) value set by the FAO/WHO Joint Meeting on Pesticide Residues with the assumption 
that not more than 1% of the ADI is allowed through drinking water. Since the ADI is derived 
on the basis of lifetime exposure, short-term excursions above the value such as those result
ing from vector or aquatic weed control operations may be acceptable but would require care
ful surveillance. 



EFP/82.35 
page 6 ' . ' . 

Based on most recent information it has been found necessary to alter certain of the 
existing international standards for drinking-water. For instance, recent data on lead have 
determined that children and infants are particularly susceptible to the effects of lead. 
The guideline value for lead has accordingly been lowered in order to take these groups into 
consideration. 

Considerable new information has acciimulated since 1971 on the health effects of syn
thetic organic chemicals in drinking-water. Accordingly, it was possible to develop guide
line values for a series of individual pesticides, polynuclear aromatic hydrocarbons, chlori
nated alkanes and alkenes, certain chlorophenols and chloroform. Where the available health 
effects information was considered not entirely satisfactory, "tentative" guideline values 
were recommended. 

The International Programme on Chemical Safety (IPCS) will considerably influence future 
updating of the guideline values for chemical substances. IPCS is a cooperative venture of 
the International Labour Organisation (ILO), the United Nations Environment Programme (UNEP) 
and WHO, and has as two of its main objectives the evaluation of the effects of chemicals on 
human health and on the quality of the environment and the development of guidelines on 
exposure limits (such as acceptable daily intakes and maximum permissible or desirable levels 
in air, water, food and the working environment) for various classes of chemicals. Such an 
international assessment of human exposure to chemicals will be of considerable help in 
increasing the data base for any future revision of the Guidelines. 

Aesthetic and organoleptic constituents and characteristics 

In the case of characteristics based on human sensory evaluation, judgement is often 
subjective. Aesthetic/organoleptic characteristics are very much subject to social, economic 
and cultural considerations, and the establishment of standards for the aesthetic quality of 
drinking-water should take into consideration implementation possibilities, and the existing 
socioeconomic and environmental constraints. When resources are severely limited, establish
ment of priorities becomes even more crucially important and such priorities should be set 
in relation to their direct impact on health. 

Radioactive materials 

Guideline values for radioactivity in drinking-water are based on the most recent recom-
mentations of the International Commission on Radiological Protection (ICRP). The guideline 
values recommended for gross alpha and beta activities apply both to naturally-occurring 
radioactivity and any radioactivity that may have reached the water sources as a result of 
man's activities. They represent a level below which water can be considered potable without \y 
more complex radiological examination. 

6. IMPLEMENTATION 

Safeguarding drinking-water supplies is a major health responsibility. The provision 
of safe drinking-water has been identified among the priority elements of primary health 
care which is the basis of the WHO strategy for health for all by the year 2000. That this 
element be vigorously pursued is the responsibility of many sectors of the governments of 
the Member States as well as of various professional disciplines. It should be considered 
of paramount importance not only by the ministries of health, but also by those who are 
charged with the management of water resources and the provision of water supplies for large 
cities as well as for small communities and villages. 

It is the objective of providing safe drinking-water, with the emphasis on safe, that 
makes the guidelines an integral element of the International Drinking-Water Supply and Sani
tation Decade. Thus the three volumes of the guidelines provide not only an important tool to 
secure safe supplies but also to set the yardstick for measuring progress and achievements 
towards the Decade goal. 
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Their application, however, has to take into account that water-related communicable 
diseases are rare in developed countries and there the chemical, aesthetic and organoleptic 
attributes may be of primary interest. Decade activities in countries still suffering from 
water-borne infections should find useful support from the microbiological and biological 
parts of the guidelines, and from the advice on their application. Volume III is specially 
intended to bridge the gap between the mere publication of guideline values and their actual 
compliance under often adverse conditions, technically and organizationally as well as in terms 
of the available manpower. 

It is the hope of the Organization that the guidelines will be actively utilized by the 
governments at all levels to set new drinking-water quality standards where they do not yet 
exist or to up-date and expand existing ones. Standards embodied in the laws and regulations 
of a national or provincial authority do not automatically translate into improved water 
supply services and better health protection of the population. Vigorous assessment, moni
toring and enforcement are the complementary actions the guidelines are now calling for. 

The new guidelines provide a sound scientific basis (although with still some uncertain
ties) for establishing standards with respect to health protection. Thus, the law and policy 
makers are hopefully in a better position today to make the existing economic and technologi
cal feasibilities match the criteria when setting drinking-water quality standards. 

•i 

i 
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. ANNEX I 

SUMMARY TABLE OF GUIDELINE VALUES 

Note: It is not the intention in presenting the tabular summary of guideline values that 
individual values should be used directly from the table. Guideline values must 
be used and interpreted in conjunction with the appropriate section and the infor
mation contained within the document. 

Values recommended in these guidelines are for total concentrations (i.e. all 
forms of substances present). 

I. BACTERIOLOGICAL QUALITY 

Piped Supplies 

(i) Treated water entering the 
distribution system 

(ii) Untreated water entering the 
distribution system 

(iii) Water in the distribution system 

Unpiped Supplies 

Bottled drinking water 

Emergency supplies of drinking water 

Number per 100 ml 

Faecal coliforms 0 
Coliform organisms 0 

Faecal coliforms 0; 3 coliform 
organisms in any one sample, 0 
in any two consecutive samples, 
0 in 98% of yearly samples. 

Faecal coliforms 0; 
3 colifoim organisms in any one 
sample, 0 in any two consecutive 
samples, 0 in 95% of yearly 
samples. 

Faecal coliforms 0 
Coliform organisms 10 

Faecal coliforms 0 
Coliform organisms 0 

Faecal coliforms 0 
Coliform organisms 0 © 

II. INORGANIC CONSTITUENTS OF HEALTH SIGNIFICANCE 

Arsenic 

Cadmium 

Chromium 

Cyanide 

Fluoride 

Lead 

Mercury 

Nitrate (as N) 

Selenium 

mg/1 

0.05 

0.005 

0.05 

0.1 

1.5 

0.05 

0.001 

10 

0.01 
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III. ORGANIC CONSTITUENTS OF HEALTH SIGNIFICANCE 

Benzene 

Chlorinated Alkanes and Alkenes 

Carbon tetrachloride 

1,2-Di chloroe thane 

1,1-Dichloroethylene 

Tetrachloroethylene 

Trichloroethylene 

ug/1 

10 

3 (T*) 

10 

0.3 

10 (T*) 

30 (T*) 

c 

Chlorophenols 

Pentachlorophenol 

2,4,6-Trichlorophenol 

10 

10 (Odour Threshold 

Concn 0.1 ug/l) 

Polynuclear Aromatic Hydrocarbons 

Benzo (a) pyrene 0.01 

Trihalomethanes 

Chloroform 30 

4 
{ 
1 e 

Pesticides 

Aldrin/Dieldrin 

Chlordane 

2,4 D 

DDT 

Heptachlor and Heptachlor Epoxide 

Hexachlorobenzene 

Lindane 

Methoxyclor 

0.03 

0.3 

100 

1 

0.1 

0.01 

3 

30 

y 

*T = Tentative Guideline Value. When available carcinogenicity data could 
not support a guideline value, but the compounds were judged to be of 
importance in drinking water and guidance was considered essential, a 
tentative guideline was set on available health-related data. 
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IV. RADIOACTIVE MATERIALS 

Gross alpha activity 

Gross beta activity 

V. AESTHETIC QUALITY 

Aluminiiim 

Chloride 

Copper 

Hardness (as CaCO^) 

Iron 

Manganese 

Sodium 

Sulphate 

Total Dissolved Solids 

Zinc 

Colour 

Taste and Odour 

Turbidity 

pH 

0.1 Bq/1 

1 Bq/1 

mg/l 

0.2 

250 

1.0 

500 

0.3 

0.1 

200 

AOO 

1000 

5.0 

15 True Colour Units (TCU) 

Not offensive for most of the 
consimier 

5 Nephelometric Turbidity 
Units. Preferably <1 for 
disinfection efficiency. 

6.5 - 8.5 

© 
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-^Eug'ene.A. Hickok and Associi. , Inc. 

PAH Removal - Wastewater Treatment Plants 

Pollutant Treatment Process Inf.(1) Eff.(1) % Rempval 

Acenaphthene Activated Sludge 12000 <40 >99 
Activated Sludge 27000 <40 >99 
Activated Sludge 30000 <40 >99 
Activated Sludge 8700 <40 >99 
Activated Sludge 13000 <40 >99 

Fluoranthene Clarification/ 
Sedimentation . 1100 400 64 

Naphthalene Activated Sludge 100 >93 
Activated Sludge 41000 >99 
Activated Sludge 300 >98 
Activated Sludge 1000 >99 
Activated Sludge 80000 >99 
Activated Sludge 95000 <7 >99 
Activated Sludge 3000 >99 
Activated Sludge , 51000 >99 
Activated Sludge 93000 >99 / 
Activated Sludge 17000 >99 
Activated Sludge 1900 >99 

Benzo(a)pyrejie Clarification/ , 

Sedimentation 1200 <20 >98 - • 
Benzo(b) Clarifiqafcion/ 
fluoranthene Sedimentation 36000 6000 83 , 

Benzo(k) Clarif ication/-
fluoranthehe Sedimentation 800 <20 >97 

Anthracene/ Activated Sludge ,100 <10 , >90 
Phenanthrene Clarification/ 

Sedimentation 1500 400 ' 73 

Fluorene Activated Sludge 15000 <20 >99 

Inden6(1,2,3 •• •-
-cd)pyrene - Activated Sludge 2000 <20 >99 

Pyrene Clari fication/ 
Sedimentation 8000 200 . 75r 
Activated Sludge <100 100 0 • • • Activated Sludge <100 100 0 
Activated Sludge 900 200 . 78 
Activated Sludge <100 300 0 

(1) All data in parts per trillion 

No information on: Benz(a)anthracene and Benzo(b)fluoranthene 

Reference: Environmental Protection Agency, " Treatability Manual", 
EPA -600, 8-80-042e, July 1980, Vol • 1,2,3,4 & 5 
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Terry Hoffman, Executive Director 
Minnesota Pollution Control Ayency 
1935 West County Road, 3-2 
Roseville, Minnesota 55113 

Dear Ms. Hoffman: 

Tliank you for your letter of September 17, 1930, inquiriny of the United States 
Environmental Protection Ayency's (U.S. EPA) litiyation strategy for the Reilly 
Tar and Chemical Company lawsuit. 

Because of the complexity of this case, several technical issues must be ad
dressed in tiie very near future. Members of both our staffs in coordination 
with the U.S. Geological Survey (U.S.G.S.) have developed a prioritized list 
of these technical issues. U.S. EPA plans to fund several of these tasks 
through an interagency agreement with the U.S.G.S. The formal documentation 
is being drafted. It involves $50,000 in financial support for fiscal year 
1981 to the U.S.G.S. in exchange for field services including; 1) a one time 
"snapshot" of the aerial extent of hydrocarbon contamination in the Prairie 
du Chi en-Jordan aquifer, 2) analysis of aqueous samples taken from the Hinckley 
wells (W-23 and W-105) on the former Reilly site and other wells discovered in 
the field which might be exacerbating the contamination problem in the St. Louis 
Park area, and 3) soil coring (and analysis) taken on-site and to the south of 
the former Reilly site. The project officers are Ms. Melahie Toepfer, U.S. EPA, 
and Mr. Marc Hult, U.S.G.S. 

Tne analytic work for the above-described project and other samples, including 
an interlaboratory quality assurance program, can be conducted through a 
U.S. EPA-Midwest Research Institute (MRI) contract. The contract is for 
approxiinately $75,DOG of analyses only and expires April 15, 1981. Therefore, 
all field work for fiscal year 1981 must be done within the next six months. 
The project officer for this contract is Mr. Frank Biros of the U.S. EPA, 
Hazardous Waste Task Force in Wasningtoii, D.C. 

Hopefully this outline will be of use to you in developing the Minnesota 
Pollution Control Agency's strategy for this case. If you have any further 
questions, please do not hesitate to call. 

Sincerely yours. 

John I'lcGuire 
Regional Administrator 

bcc; Hinkle 
Leininger 
ORA - 886, w/control slip 
Klebenow - 886, w/control slip 
Grimnick - 886, w/control slip 001707 
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List of Attendees at Meeting at U.S. Attorney's Office on 
October 9, 1980 - 9:00 a.m. 

I. United States Government 

Thomas K. Berg 
United States Attorney 
(612) 332-8961 

Melanie S. Toepfer 
Environmental Scientist 
EPA (Chicago) 
(312) 353-2110 

Frank Biros 
Chemist 
Hazardous Waste 
EPA (Washington, D.C.) 
(202) 426-8710 

Fred Stiehl 
Attorney 
EPA (Washington, D.C.) 
(202) 426-8710 

Francis X. Hermann 
Assistant U.S. Attorney 
(612) 332-8961 

Robert Leininger 
Attorney 
EPA (Chicago) 

886-6720 

Dennis Devlin 
Tech. Staff (Environmental Eng.) 
Washington, D.C. 
(202) 472-3500 

II State of Minnesota 

Stephen Shakman 
Assistant Attorney General 
296-7703 

Lovell Richie 
MPCA 
296-7339 

Dennis Coyne 
Assistant Attorney General 
296-7702 

Dr. Roger DeRoos 
Minnesota Department of Health 
296-5320 

Bill Miller 
Assistant Attorney General 
341-7272 (Rep. MN Dept. 

Health) 

III. St. Louis Park 

Jay Heffem 
MPCA 
296-7305 

1 

IV. 

Dick Koppy 
Director of Public Works^A. 

Reilly Tar and Chemical Corporation 

Allen Hinderaker 
St. Louis Park City Attorney 
335-9331 I 

Ed Schwartzbauer 
Attorney 
Dorsey Law Firm 
(612) 340-4^^ 

ZftOS 

William J. Kj^eppel 
Attorney 
Dorsey Law Firm 
(612) 340-2745 

00,52! 3 
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IV. Reilly Tar and Chemical Corporation - (Continued) 

Mr. Polack Dr. Francis Clay McMichael 
General Counsel, Reilly Tar and ERT, Inc. 
Chemical Corporation (412) 261-2910 

(317) 638-7531 

John C. Cravin Dr. Robert W. Dunlap 
ERT, Inc. ERT, Inc. 
(412) 261-2910 (617) 369-8910 

006214 
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List of Attendees at Meeting at U.S. Attorney's Office on 
October 9, 1980 - 9:00 A.M. 

I. United States Government 

'^Thomas K. Berg - United States Attorney 
Francis X. Hermann - Assistant U.S. Attorney 
Melanie S. Toepfer - Environmental Scientist, EPA (Chicago) 
Robert Leininger - Attorney, EPA (Chicago) 
Frank Biros - Chemist, Hazardous VJaste, EPA (Washington, D. C.) 
Dennis Devlin - Tech. Staff (Environmental Eng.) (Washington, D.C.) 
Fred Stiehl - Attorney - EPA (Washington, D. C.) 

II. State of Minnesota 

Stephen Shakman - Assistant Attorney General 
Lovell Richie - MPCA 
Dennis Coyne - Assistant Attorney General- »A?fcA 
Dr. Roger DeRoos - Minnesota Department of Health 
Bill Miller - Assistant Attorney General 
Jay Heffem - MPCA 

III. St. Louis Park 

Dick Koppy - Director of Public Works 

LorUAi^ 

IV. Reilly Tar and Chemical Corporation 

/Ed Schwartzbauer - Attorney ? . 
William K>fteppel - Attorney / ^ 
MrroVPolfack - General Counsel, Reilly Tar and Chemical Corporation 

frswiu^Mr .f.McMichael - ERT, INC. -gj, 
"54^^ Mr. Craun - ERT, INC. 

Mr. Dunlc^ - ERT, INC.Vp 
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List of Attendt , at Meeting at U.S. Atto. y's Office on 
October 9, 1980 - 9:00 A.M. 

I.. United States Government 

Thomas K. Berg - United States Attorney 
Francis X. Hermann - Assistant U.S. Attorney 
Melanie S. Toepfer - Environmental Scientist, EPA (Chicago) 
Robert Leininger - Attorney, EPA (Chicago) 
Frank Biros - Chemist, Hazardous Waste, EPA (Washington, D. C.) 

- pCch. -/PVTVV'"-
SUfcU Alitvnet, 

II. State of Minnesota v 

Stephen Shakman - Assistant Attorney General 
Lovell Richie - MPCA 
Dennis Coyne - Assistant Attorney General 
Dr. Roger DeRoos - Minnesota Department of Health 
Bill Miller - Assistant Attorney General 

III. St. Louis Park 

Dick Koppy - Director of Public Works 

IV. Reilly Tar and Chemical Corporation 

Ed Schwartzbauer - Attorney 
William Koeppe]. - Attorney 
Mr. Pollack - General Counsel, Reilly Tar and Chemical Corporation 
Mr. McMichael - ERT, INC. 
Mr. Craun - ERT, INC. 
Mr. Dunlop - ERT, INC. 
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FIGURE 1. HYDROCARBON PHASE POLLUTANT MIGRATION 
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I. United States Government 

Thomas K. Berg 
United States Attorney 
(612) 332-8961 

Melanie S. Toepfer 
Environmental Scientist 
EPA (Chicago) 
(312) 353-2110 

Frank Biros 
Chemist 
Hazardous Waste 
EPA (Washington, D.C.) 
(202) 426-8710 

Fred Stiehl 
Attorney 
EPA (Washington, D.C.) 
(202) 426-8710 

Francis X. Hermann 
Assistant U.S. Attorney 
(612) 332-8961 

Robert Leininger 
Attorney 
EPA (Chicago) 

886-6720 

Dennis Devlin 
Tech. Staff (Environmental Eng.) 
Washington, D.C. 
(202) 472-3500 

II. State of Minnesota 

Stephen Shakman 
Assistant Attorney General 
296-7703 

Lovell Richie 
MPCA 
296-7339 

Dennis Coyne 
Assistant Attorney General 
296-7702 

Dr. Roger DeRoos 
Minnesota Department of Health 
296-5320 

Bill Miller 
Assistant Attorney General 
341-7272 (Rep. MN Dept. 

Health) 

Jay Heffem 
MPCA 
296-7305 

III. St. Louis Park 

Dick Koppy 
Director of Public Works 
920-3000 

Allen Hinderaker 
St. Louis Park City Attorney 
335-9331 ' 

IV. Reilly Tar and Chemical Corporation 

Ed Schwartzbauer 
Attorney 
Dorsey Law Firm 
(612) 340-5fttt 

William J. K^eppel 
Attorney 
Dorsey Law Firm 
(612) 340-2745 
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IV, Reilly Tar and Chemical Corporation - (Continued) 

Mr. Polack Dr. Francis Clay McMichael 
General Counsel, Reilly Tar and ERT, Inc. 

Chemical Corporation (412) 261-2910 
(317) 638-7531 

John C. Craun Dr. Robert W. Dunlap 
ERT, Inc. ERT, Inc. 
(412) 261-2910 (617) 369-8910 
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Melanie S. Toepfer - Environmental Scientist, EPA (Chicago) 
Robert Leininger - Attorney, EPA (Chicago) 
Franlc Biros - Chemist, Hazardous Waste, EPA (Washington, D. C.) 

II. State of Minnesota 

Stephen Shakman - Assistant Attorney General 
Lovell Richie - MPCA 
Dennis Coyne - Assistant Attorney General 
Dr. Roger DeRoos - Minnesota Department of Health 
Bill Miller - Assistant Attorney General 
JAV WPcA 

III. St. Louis Park 

Dick Koppy - Director of Public Works 

IV. Reilly Tar and Chemical Corporation 

Ed Schwartzbauer - Attorney 
William Koeppel. - Attorney 
Mr. Pollack - General Counsel, Reilly Tar and Chemical Corporation 
Mr. McMichael - ERT, INC. 
Mr. Craun - ERT, INC. 
Mr. Dunlop - ERT, INC. . 

007284 



-1/(7 ./_ L>^ ^ 

/Pf '>•, .-I e^jc a // £ 

r€J['T^ 
^ xUy^P/.-ry-'^ yy^&y £.<^7-^ 

>o 

''yyL - yy3^ ^ 

<L, y r ^Qlii,ra.r zz.' - rJf 

^ _• PMy ^ .y-zC- Ceyry-i 
p 

^ .^M. 

^ /Ly iLA;22-

yi.^ _^5>„ uj-ycJd^ 

. /^--^<r/-/f3 -' 7~0<^ J 
-^^ /yi/TT-^. cpeiJ^ 'iy 9/n"'v/ 

TyX:L c^ 

^ Jdyym _ _ 

- y. cy<y . y 

yi. . : 
(b yc^J-

<S 

V: _IUnJt^-A-

^ yy Acyy • 

- (5^ . _ I P . -^-yf 4^ z^.y£yi-^ 

cyj&t ̂ ' <?v 

-e-07-285-

f)y. /fr yy/fpy^ f'^y^zr^ )7yp 
fz>^ 

- - -/7W— ce— ^Ou^yS-'Q Ajy 



g,. Oii^ dc V' 

?X7"7^ /<^ ajJ2^4^ - -

^£O-C^^^SL- ^ _'^V=v;?^_r»*» y!i!^a^ 

Z U.X-IHJJ AL^y^Z/^,./ 

_ _c>7^_r^^-> -iS /i 

/re^.e 

62. 

^r/Hc 

> 

'_.d<if^dX3/ 

CP-r^ _ 

f->*r P 

007286 



/<^ / 

^ JJ *)" 
;c / • /? 

C,.^.oJ-^.Cje-^ 

A 

C(S.>.....4^-.^:^<,*:^,^^ Cs-'-^d 

T^. -

- ~ . Cc>r-SHfZ'^d> - r^ / ' 

C^-re^ 

/\-<^di$>—<31^ _ y^ 

. - _^<2r:5=,_ 

"0"07287 



/ft 
/3/ 

_f^ 

//e- .'O-^ r 

<s^ 

^ A: 

Arz^ 

O 

_ ^ . S-/^Z?C__ . 

-<^^iLtj(UZ=-w^ ^ fc^v—-=-'—— 

^ ^ ;/_A>. 

/r-S^ -M 4? 

^ 7^-

^^R-! ^ 

-T^-e^y </^-'^-(y^X7^ \/ 



JI? 

.^^_C-_5^i^^^ . ._^ ̂_/ r C^_/ 

-'ZV - Z?-^ --^- p^ 

]/c . 

^ 1— /5^_CL_ yf5^ 

_^o_p^_.^_ 

W7289 



-0-6-rzw 

'7^ A 7)r~^ 

'^<X Q/i"^~ 

^r>^ - -'-e^ - -:;.-

-7^—i 

>>^ 

»—0=i=2p^ 
^ /O ^ 

=::^ 

u? 
3^~"" 

-^-rpyy-'^--'y^(y^y-
I7=i>T^ ^ 

^^•*<3>-7='~ 



Gn!^=,^3iSLf=^^ /j-C- -S/^/^ 

a/6^ <g^ 

3»-<i:Z—c-

-

±7_.«i?2fcto<..^e-^ •^iz 

,^2^ 7 

X -
X 

jyirn^V 



ir~ 

^C 
'O " / 

<^><^ rf A<3 

.x-^—^g-zr-^^r-^ V 

W_U^ 

^ ^ V^ ^' ̂ '-
- ^ ̂ >f/^ 

+:/he^ ., r-^_.5:<^ %'. 

— {?AW'<L _ /^<^>^'-^ 

cy,'_ //.. >j; A 

^ "X u/^111) f AJ 

_ (\ylsi (2 y a^ 

Pa:x^ 

t 

^ ^7-2-9-2— 



—^jCkdy^. 

^. _. 

~r X-(_^4^ . (lc>^Q^^/-^^}<>y^ 

c^ 

..l^j=a:iA. 

^ 





-Ct<sL C( 

(:2c>7) SS"/ r:?6fs. 

/r M£2r.ci-



TO 

FROM 

SUBJECT 

ENVIRONMENTAL PROTECTION AGENCY 

REGION V 

ENFORCEMENT DIVISION 

TELEPHONE MEMO 

Ui>H 

DATE: «T\s^SO 

TIME: ),,X 

. SUMMARY: 

a po$^k d- j ' 

1)vwL£^rBr^ 

\^7S .]Xo^ • 
^.fV:S^. 

H-ppl(Ay\^ (A/V>AAf^AAjJ[^ 

. (^V^^^^-sobo . 

006288 



, £(W(vCu. 1> 'iMf -S"Z4l, 

r i/wM- !!^._ wevvoA^ ^._5LP-/ 

UcL (>QL- OtJivoi _. _ _ (jMiO^ ~ -

^UK_ _C*^ \i^ _s^? /. _ WOYVAAAV.^ VV\ V^Jko) ^AJ!^ • • 1— -

W2-«-A- SuMAfO-^ 

I/A IO^VTAAAKA . 

vyju^ A^4^ . 

jJ^p^ 

V) 
/<s/ 
\ 
) 

^fKAsV CAMU^ V/"^ PAH \^ 

W^W/ViAvaj VVOvO 

Vv^A" Wolt,9 UW AuX]|jX£Jbx<. ^ b>^5\r CA/WCA^ lAfjSi 

W „ MCBXW ^ ^ e-pB ^QMOV^CAOJK 

^JIAVAJL \)<^AA^? 51JLU tfJbffw«-

A -VNA^SIK^^ CAvAytji 

COM CJCY j2^clAMV^oej\?V . LtOYV^VA^^ ^ScJUjUVWAvAAlfc 

\^(J^ |A.Vl. ~~ VV-^ ijv^ 6CTwvJ^ W«uO 

(i\2-'> - 'gz>7^ 

\)ufl.cW , T!)v.\nA i^ ^ 

3PH i>Ls 

jiUov . SS'V^ 

; CAMCvf C^>CijUMiA'D^i5\ - ^r. A^VTCAAOA^ VA\fivs. 

^(tr^Vwyv^ VLVVAAKA 

(^ti O ̂ 9s ' Sboo 

cjmw{ 

006289 



__)Ab^teeApfLvJS^£LjjU^tS^ 

-0-062-85 



I 

^OssIkW fxpuvA* 

;SFn\ StiLeA*KsV 

PTS ^200 

U.0^ \UU0X5 I \Cn^ (kn'^54<v->4^^ 

IIT t»Sftt.A VJU^ \AA. 

feArftc\ O^CilV - ()iV\t^'t\l>)n 

!?fi>\ »AS6V,^:W, eiv paV 

^AvPlfcO 

jQliit TWvxNWutl\ , V^foLJilajti^ 

Vft<W\V ^ S!S 

X ̂  <W W7V —WCT—~ Vvt^ 

tyr ^lW\ C ^BTwvtv fljr U. 

) ^e9e>cv lAc_Gyg- CWmejo | ̂MwuXWe, 

ikjjkk^ 

- V3QC 

-CkaAl 
006286 

^A^gr^AuYN 

^oe. la-WftAvo. ^ Epft ^ £(WT\ , IPS' 



t^iiAi]i'rv)&. ^-Ai "TVi 

j SUMJKV Ut(j^ \r><Mv^ 

MaVtX/^ f Iff, 

S^-SsLik 

-4-W rp^ ^ ^h\\ 

^ Uli.^ .yioX l^pi. £H 
g-q-j -^4^^ 

IL 
_Mfikt>fiaQ (VACJLVL_ ir^mx. 

JfiL^5 CaMAA&^jV^ 

JUT 

Jl> k^CA/, 3-34^ e.^4'bS l-^is 
^ ' 

rA^g^tixc kMN*A\c Ctf»^itnvM.(k ^ Vvw." w 
•Sujv.t-^ P'J^-Sg 

Av»A>j>kt. «£a>fcyti^ VA ^gotAjr SAAAJWVJUXX-) 

00628/" 



/ ̂ -?i.v^/f .Crr„. 

u ii 

^ ^ ^c I 0, 

2Z 
_Z—-- c5c2_C.'jJl^L^i^ 

^ LA=M^— J -l—^-^pLy^^-

^ 6r^^LyiA^ ^ 

t£r-^^ z^Z^' 

. ^ -y5t^E<_8__^^ UjL^.dlrt4- •^'M^-r3»~e<^\ 

\. (r~r^ 

tr-J^ <^( / 

/S. ^ 

1.^ d^&2r^-. 1.(7 J ^ 
. <2r»^ .u> 



lo?0 -4 - /i/j 

• • • 

i>y ^^^<s// 

S /rt/f /Cu c / 

'P'O ^ 

^6 ' 

rj 

/i^pro / SC> / a ̂  jr /r> / 

/ a» /3. 
«!/ 

/J, f- " /='-'> 

//y^ P,^ ̂  y^? 

f cr y-^ / f/-^ ^o 

sj '<y€z £^y V 

1C8Z51 



' ^ INTER-OFFICE CORRESPONDENCE C/^ >3*^ 

i^55i 
PLANT 

SUBJECT: 

/?//<-? , •fe^-gy -yC/Ty.x/ 

V^ • ^ 

f'f^CO eX?7^C ^ ^ / ^ 

•lA^Cfi-^ ^Qft-'CCCe^ y 0^-C.At*^r-

7-/^7^ //-^ ^ 

€^i 

ft^/rf Trfv -y'^^V^tfH-j/ ^.^cf^-/fii ^ 5-
/2^ <jyK^ 

crrrirf^X. * y7/e 

302396 
^Svv.-v .^- - (^,6'0°^- /.OO^ 

- IV •" ^o 

' /,' /^oo 0 

(^^Cf*(tri ',it,. L(t :,x-4^ t^t'-Zu'cu r.'C {( ^ct.y '<— ' 



INTER-OFFICE CORRESPONDENCE 

^PLANT 

DATE. 

TO: 

FROM:. 

> 

,=dl. yrj/^/yTTg^r N5^ -4^ C/*r.'y^ 

\j^ [y^y ^r^«<.r ctug )^. / 

yyi ̂ J^ -Zcc yy S^/r / r .o 
/ 

302997 



INTER-OFFICE CORRfSPONDENCE 

PLANT 

DATE. 

TO: 

FROM:. 

SUBJE 

> 

€M^</ 'Lre^-r^e/^ 

7 
K'^ ^yre^rr.4Tn is? 

-^-r<g-J «ig-F^ 

rU^yif^eXtr 

/Tff^^rf /c^t*/^ /^/Zc-L >^/^trrerrC^ 
/ ^ 

7-g^ £Vf <^ g u . 

/ 0 

^-€<^^ &rCCC^ ^ <2y^/y 'j^--/^. '^ ^Y~'? rf .^/^/-. >• r, 
7" 

^Z,^. '" 
d2>^ni^r/ 

~~/ soz^^g 
^./fcy/f/'9^y ^ c 

/^~-t^ 'C^'KCCitjZ' if^Z^ '^1 r^yp <a:^^-/7.-,-/-•<<> 

i^ci< 



INTER-OFFICE CORRESPONDENCE 
4 

PLANT 

DATE. 

TO; 

FROM:. 

SUBJECT: 

// . ^ 

r 4-^ Lrcrr 

: 

A C^^/'r^Ar/<' no 
y 

c /:rt-f r<^ ~r/ t /^r 

f. /^/^r7 r «"<rV y ^ ,. ,-7 

^gy^'u.',,^ ^^^y/C/r.-yr Tt l-Cyo ^ 

m^'^tcCcr, 

'•Ol t. o UC- i •? VT^ </ 

—^*^<r A-a y^ *'^'V^ 

s.yY^i^y€Cfyy<^t^ ^•V^^'cr. 



O 
PLANT 

DATE • 

TO: _ 

FROM 

SUBJECT: 

c >^n 

Apr 
^v< yi. r • ^ y. u yy,. 

/err^/' 
7 7 7 ^ 

A/y/^. a^tuy cr^^ur-n^ ̂  < 

^ PyC-y/yrJlr ,.#»V/r/-^ 

tr\yrr C^ri ^/S <!'c> ^ 

y^^yCZ^ /^gyr> g ^ ;,>^rr>r/crcuy'h« 

C^Ayyr/ r3 t^rf/'^^ ^^^.Aiyrc^ /P^OO 

c/ Z'^fu ̂  tv / ^ c c 

/P/:rry lrr^y ^ P ':/r/r^y^^.r 3^3^^ 

>£• ..^r~r7t(y^/ ̂  ^JC>yZ^6y:7^/f rr f c^-/ 

<V CPjLy SAcrr^^^ZZ^ ^ 

^y^l'Cly r^ lBAc$t $({\yZ 

^Ic^rtyrtTTr/ Q.c^-f'i^-ry^rc.Zy tt^y C/'-^y, 

\^J/j tyV//F^./Cl-cwvt ^;^^fc.<,^ s<^ .^<>«^ 

Ul^-/rn ^.y^A'fritj: g»vr^ ^euy^/ry g^V <? ^ry-lr-rA 

,^y^ri<yX ^ ̂ ^yftcCyJ e-r>-\ r-^ny Ate / rr er y 

Crcy^^ rr ^frr/' ^rjff ejf yTuo^^ 



INTER-OFFICE CORRESPONDENCE 

.PLANT 

d) DATE. 

TO: 

FROM:. 

SUJBJECT: J 

\JAn/fJ ^Qo (>V 

/yiiAT/M. "y^yCn/U^ ^/cru^ ^ 

'7-f-C-f^ y ^C>oo 

(;rcr^/ cY-e,/^^ ..>^rW .-ff 

^C .^»f r 

S^/ ^t7Yrfi'* ..y 
^ <ij, ̂  ^'/-C- A7/^y -^<'t^-/:»'^ 

Ci^,fr/r,(/fy{ s^ttX/ ^rtf. r ^C^t'rrrr/' ^o c c ^rt^^tfu:>. 

C/ 303O01 

^ y''€/C^ rtr^/^' ^ /-/IA 

cccTJ/.. ^fiO, Jt// (T-^/ -/r?^ ^ nr^rr.^^ 
.M./ (tAi ^ r/rn/ 

^n.r^ C^. L:^ 



INTER-OFFICE CORRESPONDENCE 

PLANT 

DATE. 

TO: 

FROM;. 

SUBJECT: 

(/ly^ 
ct/tK^ c^ 

/ \S^ 0^ 

f^) y 
/// {^ , 

^re-, ra^ iS^.it/'. ^ 

ac<:rc. ' ^ 

•30300S2. 



- u.//H/f^ 

>c=i. 

_C<-^ 

y^-— 

' / i"f""'. <9-\j^__f!^i~^rriVr^ _T0 4*^ ^ 

.&£l v^ . /^_ 



_ . . JJi^ 

V )WM.W*><W4A 

^hpovfi i^fov4-

3. UeAV>w*» - . _ 

. u>-xa , . , 

oHoy VNMAITX A^Jk^ 

1. 

5- ^(^\Ajk rr 

fc. UliU fiiA fU<-

004262 



a. , 
h ' V-) (X s .',; ''•».> I • . i,".''- :-r- •• . •' r<9/ i^n" 

Cl """7 ' 
h\j po7Vl{' <? r 'ry-j_C 1'^ ^ sftydy . / 

7 -^7:' ;•* .' . to ji /• _ g 7 C>€ /" t' ^S 

P C-66 / li p/ 0 c/t^C-iT C' -'V>a St, 

-^7 ijj- u ^ k'^-L^Cxtf^ ]p 7"7c. s.(?,.77kcf 
" - A - - . - - - . 

t-U 0 y I 4 ^•^"- (){ CTj ijc cc u ' r- f y?-^ /? ^v, •$> ^ uxhioT ^ "pfP-C^ t 

r i'i^c^xi'S Qt' q r p /h ^ 

^iicA ^7=. h ijak of' 

__^^l t^&-v/4- "' ^ '"^he LoijU 

^(uireu' K^gy ^e Co\\.<^^ ^ (J & t < Q /^ 

t> p) "I V-V i' •'' ' "7.' ' V-7 6()7 ^"7^ ' r,''.' y / 

IH'i 1-1 •'•\^ ''.,'i-:''7"^ ^-.-^i^ui £.''i?- ^'^^•r ' I i'/ ^(x'/Q.' •"•7 7 
7-^,e, \ fi/:^ i.-N r'^f> J, 0/^ i !^'\ ^'ifo/oe^j-'C^ ^ '-nrii'-^^ 

/^or 7HI> ,7/--y',r cc^^r^r. 7^. ,7/, L .o&r^'i 

c.^^xpci r 0- •' o 7 ^ Vv>{• i (•' ^ / • /• • '• / /< ^ 

/7;/7.' 7^^ fi(x (j/ cx'fC'Ci^, '^^•^•'"7; 

n"'u rtf^ e. :r-^ i'PiPli^Jc c'n T"^e f-^r-ruh, 

. !':\'i t ''- '7 f I /\<^ I ^^^ A^vi,'.' ,-,t-, ^:v;. ,c. 0. 

c7i7 '-^IVwi ^ \A\iA fX^'^' 'o'l'.' ^ V' 

.7, • -O-.'" C • e- C-^. 1c< ' 6. 

ti C"^'v 7-

. KA/cJ.fPJ-«ti^»vv 

' /wtvlfrffrfe r^aoLiif^ '•' 1?» pz'f^v.. . o / y, I -v t> g-^"f 

^^,,, 1 ^ r r ter..- •/e. ^C. 

J7hr_-7Ji 
|C> ro (/1'^ by rflbjT—S c,j'[p__^ 

^ 7^Ss t 7 (2, hiQ ^ C" '\ <H£2^7 , i/T^ 

7 i 7.r< Si^pph^ o<^ 

:'i ^eir(y tq ij /eqs"^ as Q5, 

/'^ <--1-7 7 ^ "^ /y 

;; i5'SCorr6'd t^:a^t.i Pufov^g. (• ; rlc.,;•'i-t " /,5 /|7 

fo h(2. a,5 0t/ji. •;• r- t'^(=- c*'•-r ^f. •, r 



& PTJO AJ 

2. 

<LAP CAP AfV/Oy^^ 

\ vx.fflCt/ St 

SuJO O^aijywS 
o\ 

-h^icl^coo Z.^I^&CC' °ie^ 00 o 2.(j,$^ooo -72Q000 qo^cSCffc 

G,', • 7%^f, AW -1 t-- fs^ loP^ooh 

•O'v 'J' ^ .G 
Ly^ 

P 1 
I. • 1 .- A^^'gl.v 

c 

YiS-
^r 

roo>-Av-v Ly\--.. /—'C( C9 
I 

i~> Wii £ S-.'., . -', 

^ 

:') c' 

$> 

J-^ CTN-
O 

J >5.. 
_.A '•---' i '' - h a TOJ 

<j^ O- . t 

S' I 




